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LETTER OF THE SECRETARY. 



Department of Agrioulttjbe, 

Office of the Secbetary, 
Washingtony D. C, August 20, 1890. 

I have the honor to transmit herewith, in accordance with the act of 
April 4, 1890, a report on the preliminary investigation made to deter- 
mine the proper location for artesian wells within the area west of the 
ninety -seventh meridian, and east of the foo^hills of the Eocky Mount- 
ains. 

The report covers all the operations of this investigation, but I will 
have to postpone a full account of the expenditures to a later date, as 
there are still some outstanding accounts, etc., which must be adjusted 
before a final report of expenditures is made. I have tho.ught it best^ 
however, not to delay the transmittal to Congress of the report cover- 
ing the scientific and statistical work of the investigation. 

I may state briefly in regard to the expenditures, that making liberal 
allowance for outstanding accounts in course of settlement, it seems 
evident that the entire cost of the investigation, as ordered by the act^ 
will not exceed $15,000. 

I have the honor to remain, yours, respectfully, 

J. M. Rusk, 

Secretary^ 

The President of the Senate. 



REPORT 



OF THB 



SPECIAL AGENT IN CHARGE. 



THE PROPER LOCATION OF ARTESIAN WELLS FOB 

IRRIGATION PURPOSES. 



Sis: XTnder the provisions of an act entitled << An act to provide for 
certain most urgent deficiencies," approved April 4, 1890, an investiga- 
tion was ordered to determine, as far as possible, the proper location of 
artesian wells for irrigation purposes. The appropriation thereunder 
became available the 14th of that month. The selection of a chief geolo- 
gist and one of the field agents, as well as the general plan of opera- 
tions, was determined upon at that date. On the 16th of the same 
month, by your appointment, I assumed control of the investigation 
called for as special agent in charge. I have the honor to report as 
follows: 

It having been decided to organize the work on the basis of an engi- 
neering, geological and statistical inquiry, preparations were made for 
the selection of a suitable person or persons to condact the same. Edwin 
8. Nettleton, supervising engineer for the Rocky Mountains, United 
States Irrigation Survey, under the Department of the Interior, was 
selected to take charge of the work of the engineering branch of the 
inquiry and to have supervision of the same in the field. Colonel l^et- 
tleton was detailed by the Secretary of the Interior on the 16th of 
April, and assumed the duties required by this investigation. Prof. 
Robert Hay, a resident of Kansas, had been selected as general field 
geologist, and communicated with by telegraph. Prof. G. E. Culver, of 
the University at Vermillion, South Dakota, was appointed field geolo- 
gist for the States of North Dakota and South Dakota. Prof. G. E. 
Bailey, of the State School of Mines at Rapid City, South Dakota, who 
was formerly Territorial geologist of Wyoming, and as such had an ex- 
tensive knowledge of the whole region in which he operated, was, on the 
2l8t of April, ai)pointed as assistant geologist, and given charge of the 
southwest portion of South Dakota and of eastern Wyoming. Prof. Lewis 
E. HickSi of the State University and experimental agricultural station 
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« ARTESIAN WELLS. 

of Nebraska, residing in Lincoln, was appointed field geologist for west- 
ern I^ebraska. Prof. E. T. D amble, State geologist for Texas, was 
asked by the Department to take charge of the inquiry in that State. 
Prof, P. H. Van Diest, of Denver, Colo., a competent geologist and en- 
gineer, was at a later date selected as field geologist for Colorado. Prof. 
Van Diest has had a wider practical experience in the investigation con- 
^nected with the geology of artesian basins and waters, than any other of 
the scientists associated with this inquiry. His fields of labor and in- 
vestigation include Holland, the Netherland, East Indies, British India, 
Japan, California, and Colorado. The gentlemen named comprised the 
geological staff under the immediate direction of Professor Hay, who, 
in addition to his general field service, took charge of the geological 
investigation of western Kansas and the Indian Territory. The sta- 
tistical work, which it was determined should aim at obtaining the his- 
tory of all artesian w^ells within the region embraced by this inquiry, 
and incidentally also such other facts as were obtainable in the time 
at the dispiosal of the investigation relating to the waters found by 
bored wells, in springs or other sources of underground supply, was 
begun by the appointment of Mr. T. S. Underbill, railroad commis- 
sioner for the State of North Dakota, as field agent for that State, re- 
siding at Anteloi>e. Mr. Stephen G. Updyke, professor of English 
literature at the State Agricultural College, Brookings, was appointed 
field agent for South Dakota. At a later date, Governor Mellette, of 
South Dakota, assigned to duty with this investigation the State en- 
gineer, Maj. F. F. B. Coffin, of Buron. This agent's service proved of 
considerable value, and of but little cost to the Department, his ex- 
penses in the work of the investigation having been allowed. Horace 
Beach, of Wisconsin, formerly employed by the Department of Agri- 
culture as an expert in the well investigation and experiments made 
some years ago in Colorado, was also employed and assigned to duty 
in South Dakota with Major Coffin. His brief practical report will be 
found of interest. The central field division, consisting of Kansas, 
Nebraska, and Indian Territory west of 97°, with one degree of longi- 
tude in eastern Colorado, was assigned to Mr. J. W. Gregory, of 
Garden City, Eans., as field agent. The work of this division was heavy, 
and the duties of the agent have been intelligently and energetically 
performed, as his report will show. The remainder of Colorado east of 
the Foot-hills region, and all of eastern New Mexico, were embraced in 
one division and assigned to L. G. Carpenter, professor of irrigation en- 
gineering in the State College of Agriculture at Fort Collins, Colorado. 
Attention is called to the very intelligent report of Professor Car- 
penter, who deservedly ranks among the foremost of the younger sci- 
entists and engineers engaged in this great field of inigation. Mr. 
Frank E. Roesler, of Dallas, Texas, was selected as field agent of that 
State west of the 97th meridian. 'His wide knowledge and indefatiga- 
ble industry are shown in the mass of well-digested facts and intelligent 
statements that he presents. The field staff, comprising those thirteen 
gentlemen, was actively at work by the end of April, under the general 
instructions of the Department, as per letter of April 21 hereafter in- 
serted. From that period until the close of their labors in the latter part 
of June, these agents were untiring in their industrious efforts to secure 
the data required under the law. The reports herewith presented from 
these gentlemen furnish an ample illustration of the spirit and energy 
they have displayed. 
The immense area assigned to them, embracing as it does, over 658^000 
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sqaare miles,* could, of coarse, within ten weeks be only partially cov- 
ered. The selection of geologists and field agents was therefore made 
with a due regard to their possession of facts, and their previous knowl- 
edge of the conditions and wants of the sections to which they were 
assigned. Had it not been for their possession of such knowledge, 
and their wide and accurate acquaintance with the facts embodied, 
both scientific and economic, an intelligent report could not have been 
made within the time allowed. The activity of the field staff is shown 
by the statement that the chief engineer, Colonel Nettleton, and the 
general field geologist, Professor Hay, have traveled some 12,000 miles 
eai'h. Mr. Gregory, in the central division, gives an itinerary of over 
7,000 miles. The itineraries of other agents and geologists will make 
at least a total of 70,000 miles, all of which, besides a large amount of 
correspondence and other office work, was completed within ten weeks. 
This activity, it will be seen, was not attained at the expense of accu- 
rate inquiry. On the cessation of this field work, all became sedulously 
engaged in the preparation of the reports presented. The work of the 
special agent in charge, and of the experts under his immediate direc- 
tion, besides caring for the general progress of the work, the forwarding 
of circulars of inquiry, the correspondence of the office, the examination 
and preparation of all accessible sources of information outside of the 
field investigation that bear upon the work in hand, included the 
preparation, printing, and forwarding of the following circulars which 
were signed by him, or by the various field agents sending out the 
same: 

UETTBB OF U^STRUGTIONS TO FIELD AGENTS. 

U. 8. Department of Agriculture, 

Artesian Wells Investigation, 

fVashingUm, D. C, ApHl 21, 1890. 

Dear Sir : Tour acceptance of appointmeat aa division field a^ent has been received. 
I deeire taatronsly impress opon yoa the necessity of great activity in the work with 
which yon are oharjred. Congress has directed that a report mast be made immedi- 
ately after the ensaine Ist of July. In order to accomplish this, sixty days have been 
allotted to yon. The olanks, forms, and circulars to be sent yoa will be year gaide 
generally. This Department, however, expects you to record and forward, whenever 
it be poflsible without hindrance or cost to the investigation proper, all data and facts 
  — — — ^ — — ^^» ■»» 

^ Areas corered by the artesian wells investigation. 
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obtainable, with yonr own observatioDs thereon, as to underflow, subterranean, or 
other waters foand within your division, which are now or can be made available 
for storage and irrigation parposes. These facts, when reported upon, must be stated 
without bias as to any particular system or plan of irrigation. The work before you 
relates directly to the question of artesian waters, well borings, etc., but ail other 
facts relating to water supply, storage, and distribution within your division, may 
distinctly bear upon the subject of investigation and should, therefore, be forwarded 
to Richard J. Hinton, special agent in charge, at Washington, D. C. 

You will report to him every three days, and oftener when necessary. The local 
answers to blanks, etc., received will be duly verified, consolidated by you, and for- 
warded to him. All personal field-work must be concluded by the 1st of June, at 
which date your full expense account must be rendered here. All reports from your 
division must be in the special agent's pos^^ssion by the 10th of June. You will, 
therefore, see the necessity of taking the field-work in hand at the earliest possible 
moment, so as to secure the time required for consolidating returns and making re- 
ports. 

E. S. Nettleton, supervising engineer of the United States Irrigation Survey, has 
been assigned to general charge of all the field-work. You will reply promptly to any 
communications and directions from him, forwarding copies of such orders and replies 
to this office. 

Prof. Robert Hay is appointed a chief field geologist. Any communications from 
him should be met with prompt reply and information. The geologists or engineers 
investigating your division may also have occasion to communicate with you. 
Prompt attention to such communications will be necessary. In your regular report 
mention will be made of these matters. 

The Department requires rigid economy in all expenditures. Reasonable aUowance 
will be made for necessary travel, and you will, on receipt of this, make out a sched- 
ule covering such proposed travel, the reason why, and expense estimate therefor. 
Vouchers must be obtained for all hotel and other items. 

It is fully expected that your best endeavors, knowledge, Judgment, and activity 
will be given to this important work before you. 
Very respectfully, 

J. M. Rusk, 

Secretary, 

Copies of the circular of inquiry sent out by this o^ce, and by the 
field agents under its direction, will be found attached to this report of 
the special agent in charge, marked Exhibit ^^A." 

In addition to such circulars it was also decided to send out the fol- 
lowing definition of artesian waters : 

To include all subterranean waters which, on being reached or opened from above, 
are found to fiow by pressure to a level higher than the point of contact. Another 
consideration is, that the 'said waters shall flow from some permanent and general 
source rather than from a local and temporary one. All bored wells in which the 
water rises, though not above the surface, may be included in the term artesian ; 
al^o all natural waters, such as springs rising from below, are embraced in this defi- 
nition. 

The examination of the authorities justifies the foregoing definition. 
The artesian well may be considered as an artificial spring, or springs 
may be considered as natural artesian wells. Artesian waters have 
been divided into two kinds or classes, positive and negative. The 
positive artesian flow is where the water, when tapped, rises with force 
above the surface of the opening; the negative artesian water may be 
considered to embrace such supplies as, when tapped by boring, rise 
above their confined level, but not above or to the surface or source of 
supply. In the prosecutio i of their observations and the gathering of 
information, the statistical agents were especially directed to secure, 
whenever possible, without other cost to the Government than that of 
their labor, all information obtainable within their divisions relative to 
any other sources of supply favorable to and adapted to irrigation uses. 
Quite a mass of such information has been obtained, which will be laid 
before you. It will be submitted in a supplementary report under a 
resolution of the United States Senate. 
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THE ARTESIAN BASIN OF THE'BAKOTAS. 

The field of bydrologicul engineering opened up by this investigation 
is one heretofore almost untouched by the scientific inquirer. The ua* 
ture, character, and extent of under-ground water supply are subjects 
to which very little systematic attention has been given in the past, 
either here or elsewhere in the world. A rapid inquiry into such his- 
toric and econon)ic details as are accessible presents an almost surpris- 
ing mass of favorable facts. What has been learned is set forth in the 
accompanying reports. It may be well, however, to condense a few of 
the salient features. 

The vast extent of the Dakota artesian basin is testified to by the 
inquiries and deductipnsof Messrs. Nettleton, Hay, Culver, and Bailey. 
Even a slight acquaintance with the chief features of the physical geog- 
raphy of the Dakotas would testify strongly to the probable perma- 
nency of the artesian water supply, which unquestionably is fed by the 
great drainage of the Rocky Mountains to the northwest. This drain- 
age flow penetrates below the superincumbent stratum to the body of 
friable rock known as the Dakota sandstone, which appears to underlie 
the whole region. It is evident that the drill has nowhere more than 
penetrated a few inches of this water-bearing and conserving stratum. 
The altitude, the general trend of the land, and the formation and char- 
acter of the great hydrological or river area which intersects it, give 
weight to the deductions that are made as to the extent and perma- 
nency of this remarkable artesian basin. There are found within it 
about 150 high-pressure artesian wells, including, with those in the Da- 
kotas, the few bored in the Yellowstone Valley of Montana. There are 
also found in South Dakota several hundred flowing wells, whose sup- 
ply is evidently from sources not identified with the greater artesian 
basin. In northeast Dakota, in the hydrological basin of the Red River, 
claimed by geologists to be the seat of an ancient lake, there can be found 
over a thousand small flowing wells, whose waters are used largely for 
farming and homestead purposes in garden and other small irrigations. 
No diminution of pressure is anywhere reported. The source of their 
supply is from the upper beds of glacial drift. There is reason to be- 
lieve that a sinking of experimental wells may prove the possibility 
and probability of securing large artesian supplies westward of both 
the James and Missouri Rivers, and in a degree that will prove to be 
of great economic importance. The people who have settled in the 
Dakotas belonged, originally, to States wherein the practice of irrigation 
is unknown. Active settlement began in these two new commonwealths 
during years that were blessed with considerable rain-fall, and thereby 
the young comm^unities were greatly encouraged and rapidly became 
prosperous. A few years, however, have proven conclusively that the 
element of insecurity as to rain-fall is really a pei manent one. It would 
be folly to deduce from such a short period of years, as that in which 
observations have been taken, any theoretical dictum claiming authority 
for its statement; but it is evident, not simply from climatic observa- 
tions in the Dakotas, but from those taken throughout the Great Plains 
region, and extending over a much longer period, that there is some- 
thing like a periodicity of abundance and drought, covering, so far as 
can now be deduced from observation, cycles of from seven to nine 
years in duration. Another, and perhaps even a more important feature 
for the establishment of agricultural security in the Dakotas, as well 
as elsewhere on the Great Plains, is involved in the possibility of re> 
alizing a more equitable distribution of the rain-fall. It may reasonably 
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be assumed that over a larg^e portion of the area under consideration 
the annual rain-fall is almost or quite sufficient, if if could be evenly dis- 
tributed as to area or controlled in its fall as to time; but the fact 
remains that there is no equality in the distribution either as to area or 
time. It is not unwisely held by practical observers that the cultiva- 
tion of the soil and the growth of plant life must enormously modify 
the primary and prevailing climatic features. 

Evidence tends to show that human industry applied to the land has 
already greatly modified the phenomena of distribution. Naturally 
enough those' who have observed such features have hastened to the 
conclusion that these modifications tend also to a permanent change of 
climate. It may, however, safely be assumed that only so much of this 
conclusion is correct as warrants a belief in the modifying and amelio- 
rative effects, locally speaking, of human industry within our semi-arid 
regions. The Dakota farmers conclude, and wisely too, that their 
greatest need, at least for the present generation, is not to be found in at- 
tempts at the establishment of an extensive system of storage and dis- 
tribution. What they desire and what they need are the exploitat.on 
and development of the supplies which lie beneath their feet, and which 
they may find immediately at their gates. Over the eastern half of these 
twin States they are not absolutely dependent upon irrigation, but for 
industrial security they need the power to draw upon supplies stored 
in wells or reservoirs during the ripening weeks that should bring har* 
vest to them. The harsher and larger climatic conditions, at this period 
of need, prove too often destructive of all their labor and its results* 
Such a supply as will meet this want, not large, but imperative in char- 
acter, seems to be at their command in the wonderful artesian basins 
that unquestionably lie within the borders of the two great States, and 
which will probably be found to also serve a considerable area of north 
and eastern Montana. More than a million persons reside within the 
northwest portions of the area embraced by this investigation. The 
unsurveyed public lands of the Dakotas will reach a total area of at 
least 27,000,000 acres. Nearly one-half of Montana, which must be 
favorably influenced by the development of this artesian supply, will 
contain abouf; 32,000,000 of acres, making a total of not less than 
59,000,000 acres of unsurveyed public land. 

The people who had settled within this new northwestern section, and 
who have recently brought to the Union five great and important com- 
monwealths, have paid into the Treasury of the United States, for the 
public lauds they have reclaimed and made fertile, from $35,000,000 to 
$40,000,000.» In the Dakotas alone the total of land payments exceeds 
$25,000,000. By adding the great sums paid by settlers to land-grant 
corporations we shall have, in all probability, a total of $35,000,000 for 
the Dakotas alone. A great net-work of railroads has already been con- 
structed, and prosperous towns and villages have already been founded 
by the hundred. The Dakotas are famous in the markets of the world 
for the production of wheat. The commerce of the nation has been 
greatly increased by the growth and shipment of its particular and valu- 
able grain. The people, widely scattered, heavily in debt for the means 
whereby they have begun the establishment of homes and industrial 
activity, are unable, therefore, to carry forward the important work of 
investigation and experiment upon the comprehensive scale that is 
required. They energetically ask that the General Government under- 
take the direction and cost of such experimental operations. The sink- 
ing at public expense of farm or commuhity wells has nocbeen demanded. 
It is stated upon the authority of leading citizens, not only in the Da- 
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kotas, bat throughoat the Great Plains, that with a comprehensive 
survey and a definite series of experiments, limited in number and cost, 
but assigned under proper directions to favorable sections, and to be 
andertaken by the General Government, that private capital and com- 
bined effort stand ready to carry forward to a successful issue the large 
amount of detailed inquiry, investment, and work that will be needed to 
establish a regional irrigation supply. 

CONTROLLING GEOLOGICAL CONDmONS, 

Prof. G. E. Culver, the geologist for South Dakota, has made a report 
of singular interest; cautious, but still comprehensive. It shows that 
the great Dakota basin — a broad, low synclinal with a northeast trend — 
extends on the north from meridian 98° eastward, to nearly or quite 107^ 
at Great Falls, Montana. It forms an irregular triangle, whose south- 
ern apex is at or about, the southeastern extremity of South Dakota, 
while the eastern line is an irregular one running generally from the 
meridian 98^ to 98^ 30' of west longitude; it is therefore, at the upper or 
northern end, 9^ of longitude, or about 550 miles wide. So far as its east- 
ern rim has been Iqpated or suggested, it will have a length of about 700 
miles. Directly from north to south, it will have nearly the same length' 
as from east to west. The western rim is unquestionably near the foot- 
hills of the Rocky Mountains, following them down into Wyoming, and 
probably west of the Black Hills in that direction. The eastern rim is 
along the east line of the Dakotas. The valley of the James River, in 
which by far the greatest number of wells have been bored, is not to be 
considered, according to Professor Culver, as the central or pivotal por- 
tion of the basin. Geological investigation warrants the statement that 
the James River Valley is " simply a broad, shallow drift or depression in 
the eastern part of the artesian basin, and is in no sense a controlling 
factor in the problem as regards either the cause or the extent of the 
basin." Professor Culver, in a preliminary report made to the special 
agent in charge, states what the controlling factors are, and also what, 
in his judgment, is the origin of this remarkable basin. He says that 
they are : 

(1) The position of the pervious Dakota sandstone between two im- 
pervious beds. 

(2) The flexing of the whole series forming a low, broad synclinal. 

(3) The tilting of the beds, giving a long easterly slope, with a slight 
rise near the eastern border of the basin. 

(4) The exposure of the Dakota sandstone on the western rim, where 
mountain streams and drainage must cross it. 

(5) The overlap of the Colorado shales and clays on the eastern 
border, sealing in the waters and allowing an accumulation. 

The Red River Basin in the northeast portion of North Dakota ob- 
tains its water from rocks much older than the cretaceous. The high, 
deep pressure flow of this basin has not been developed. There are in 
this valley a great number of shallow wells of moderate flow and pres- 
sure, the water of which is found just beneath the glacial clays in 
recent beds of clay and gravel. A belt of wells somewhat similar to 
this has been found in the basin east of the James River in South Da- 
kota. They are shallow in depth, and of character common to the wells 
of Nebraska and Kansas. The map of the Dakotas, accompanying 
this report, shows the location of these two minor basins. An import- 
ant examination was also made of the geology of South Dakota lying 
west of the Missouri River, and of that portion of Wyoming lying west 






 

i 



12 ARTESIAN WELLS. 

of the Platte River and east of the foot-hills of the Rocky Moantains by 
Prof. G. B. Bailey. It is claimed in his report that the chief condi- 
tions requisite to artesian wells exist throughout the southwestern 
portions of South Dakota. These couditions are, as stated by Mr. 
Bailey: 

(1) A porus stratum or water bearer, furnished by the Dakota 
sandstone. 

(2) Impervious beds above and below the Dakota sandstone. 

(3) A high fountain head in the Black Hills and mountain ranges 
along the western edge of the State. 

In order to obtain an artesian basin, geologically speaking, the fol- 
lowing conditions are necessary, all of which are found in the Dakotas: 

(1) A pervious stratum to permit the entrance and passage of the 
water. 

(2) A water-tight bed below to prevent the passage of the water 
downward. 

(3) A like impervious bed above to prevent the escape upwards. 
The first is furnished by the Dakota sandstone, a bed of from 250 to 

400 feet in thickness; the second by the Jura-Triassic system of rocks, 
which are immediately below the Dakota sandstone and directly abov^e 
the carboniferous limestones. The rocks above furnish wliatlo kuo^vu 
to geologists as the Colorado group. Other conditions needed to com- 
plete a basin are all found in the trend or inclination of the strata, a 
proper exposure of the porous stratum for collecting the water, and an 
adequate rain-fall, with absence of escape from local cause. These 
physical features are all found in the Black Hills region and, as Pro- 
fessor Bailey declares, are accompanied <^ with a gentle inclination of 
the strata to the east, thus making the entire area from the foothills of 
the Black Hills region to the Missouri River an artesian basin." 

STEATAGBAPHY OF WYOMING AND NEBRASKA. 

In the portion of Wyoming, Professor Bailey obtained the records of 
sixty wells, scattered for 45 miles wide on the belt extending from the 
northeast corner of the State to the center of Natrona County. These 
wells are all flowing, either salt or mineralized waters, or water impreg- 
nated with mineral oil. Gas was found in nearly every well, and In 
some cases enormous pressure was shown. From the geological exam- 
ination the professor assumes that in the eastern portion of Wyoming 
a number of small artesian basins may be found, wherein good water 
could be obtained from the Dakota sandstone; that stratum seems to 
bear the same character that it does in the Dakotas. In the southeast 
portion of Wyoming, adjacent to the Nebraska line, another supply of 
subterranean water is available. The tertiary rocks and sandstones 
which are found are open and porous, and below them is a good water- 
tight stratum, while above the stratum is impervious. These tertiary 
rocks are generous water-bearers, and though the pressure of their 
supply would be very low, yet the water they contain can be easily 
reached, and by mechanical power brought with economy to the sur- 
face. The geologists regard "the development of the water in the 
tertiary strata as of the utmost importance," and urge a more thorough 
investigation. There are three sources of supply from which water is 
obtainable in Wyoming — on the east bank of the Big Horn and on 
both sides of the Powder River. It can be found also over a great 
portion of the table-land of the northeastern section. The Laramie 
rooks are good conservers of water, and a liberal supply may be ob- 
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tained from tliem with good pressare. The question of depth is a local 
one, varying with almost each township. Professor Bailey arges the 
importauce and need of a larger investigation of that region, and pre- 
fients his reasons therefor in a report which accompanies this. 

Geologist Lewis E. Hicks, of Nebraska, offers an intelligent presenta- 
tion of the stratigraphical conditions which d^termiue in his field the 
direction, the flow, and the pressure of subterranean waters. Nearly 
all such waters in Nebraska ^< have a tendency to rise in wells and fore- 
holes, and sometimes throw out at the surface." They come, therefore, 
within the definition of artesian water made by this office. Professor 
Hicks considers the rain-fall the ample source of this supply. The ag- 
gregate volume of such precipitation is enormous. It amounts, he says, 
'» to more than 100,000 cubic feet on each acre, or 6,000,000,000,000 of 
cubic feet annually for the whole State." The mean discharge of all 
the rivers of Nebraska is estimated at nearly one-fourth of this great 
total. Evaporation and seepage absorb the balance. However, the 
" underflow along the incline bodies of porous rocks is undoubtedly a 
more important source of moisture than all the rivers which enter the 
State." 

The existence of great levels of this sheet water has been determined 
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"Stratigraphy" in place of " Stratagraphy " in sabheading, page 12. 
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geologist's claim for further investigation and experiment. A very 
much larger area can be restored to cultivation by the use of wells 
from which the water is drawn by means of machinery. A notable 
fact in regard to the Nebraska undersheet water is, that in the western 
part of the State it moves under considerable pressure, and when 
opened rises rapidly to or very near the surface. Springs form an im- 
portant part of the subterranean supply in the central part of the State, 
and also in the eastern portions, while the wide, shallow river beds are 
extensive basins of seepage water. 

THE CENTRAL SECTION OF THE GREAT PLAINS. 

Field Agent Gregory, in closing his careful report, reviews the con- 
ditions of the Great Plains region from the northern boundary of Ne- 
braska to the southern boundary of the Indian Territory. He found 
within his division about two hundred flowing wells, with several hun- 
dred more in which the water rises but does not reach the surface. 
Accompanying his report are the records of numerous springs unques- 
tionably artesian in character ; but the great source of water supply 
in the central region must be looked ior in the undersheet water found 
in the gravelly strata below the alluvial surface, and in greater quan- 
tities within the valleys of North and South Platte and of the Arkan- 
sas rivers. 

Irrigation in the Central Division is to be supplied by carefully hus- 
banding in local reservoirs and basins the unequal rain-fall of the re- 
gion, and by application of mechanical power in drawing to the surface 
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and distributing the andersheet waters. As in Dakota, or probably in 
an even more remarkable degree, tbe increase of cultivation and plant- 
ing of trees for windrows, orchards, etc., wide opening of the earth, 
and the capillary powers of the plant roots in drawing water from be- 
low, are having a stea<ly and increasing effect in the way of utilization 
of rainfall and its distribution. The Kansas State rain-charts illus- 
trate what is to be done in this direction, showing, as they do, how 
minor features of physical configuration reduce air currents and bring 
to or turn aside from given artas the fructifying moisture which is 
needed. 

In Colorado there are four distinct artesian basins reported. That 
of Denver is at present the most thoroughly developed. Water is 
found at from 65 to 1,000 feet deep. The flows are from 100 to 300 gal- 
lons )>er minute in each well, and it is used mostly for domestic pur- 
poses. A decided success has recently been made in serving market 
gardens of from 8 to 15 acres each. There are about 350 in this basin, 
of which at least 250 are still flowing. The decrease of flow is due to 
want of contiol by the municip.il or other authority in the matter of 
boring, and also from the want of regulation, such as necessity has 
imposed in San Bernardino, OaK, by which advantage is taken of the 
periodicity of the supply. The Greeley basin is one of deep wells. The 
average depth is from 1,100 to 1,300 feet. The water is use*! exclusively 
for domestic purposes. There are 12 such wells at Greeley. The Pueblo 
basin is a similar one, and at present there are 8 wells therein. 

West of Pueblo, at Florence and Gauon Gity, along the drainage 
basin of the Upper Arkansas, several heavy flows of water have been 
struck in boring for oil wells. The supply is used for irrigating pur- 
poses, the flow of which it is estimated will serve 100 acres. The most 
remarkable basin found in Golorado is situated just outside and west 
of the line of this investigation. Within three years, and largely 
during the past year, over 2,000 flowing wells have been sunk in the 
San Luis Valley or basin, which contains 16,000 square miles, and has 
an average altitude of about 7,000 feet. Surrounded by ranges of the 
highest mountains on the continent, whose sides inward to the basin 
are extremely precipitous, a vast drainage pours down into the coarse 
gravel and sand found just beneath the alluvium soil. Flowing water 
is struck at from depths of GO to 150 feet, and a small number of wells 
have been bored to a greater depth. The cost is from $25 to 1 100 per 
well, and the flows are from 25 to 100 gallons per minute. The deepest 
well, in the center of the basin towards the east, has gone down nearly 
1,000 leet. The heavy, permanent flows are unquestionably from the 
deepest wells. The water is used most extensively for domestic and 
stock purposes, but a considerable number of the farmers are now 
entirely dependent for their irrigation supply on these wells. In the 
village of Monte Vista there are some 90 wells. The Empire farm 
at Alamosa is supplied by 40 wells. It is probable that from 10,000 
to 12,000 acres of land were wholly or partially irrigated by these wells 
during the past season. Ko diminution of flow has been perceived. 

In the Territory of New Mexico attention is now being turned to the 
question of artesian wells. A few flows have been struck by the drill, 
but no large supply has yet been obtained. Professor Garpenter feels 
assured, however, that artesian basins of considerable value will be 
developed in New Mexico.* 

* Siuce thij« report went to the printero, iuformation has been received of the sac- 
cessfnl sinking of the first arteaiHu well in New Mexico, six miles south of Springer. 
Colfax County. The flow was reached on the 19th of July, IHIK), at a depth of *2Sj& 
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Upon the mesa or table-land, westward of the Orgrau Mountains, which 
forms part of the famous Mesilla Yallev, so prolific and valuable as a 
fruit-bearing region, there seems to be little reason to doubt that with 
proper experimenting artesian water may be developed to a large ex- 
tent. The great feature of eastern New Mexico, to which the attention 
of the investigation was turned, is the hundreds of valuable springs, 
many scores of which are remarkable for size and volume, found within 
the foothills of the Pecos drainage basin, throughout the whole region 
of the east thereof and extending southeastward into central Texas. 
The time at the disposal of the field staff did not permit, however, a 
proper examination of the region. 

A VALUABLE BEPOET FROM V7BSTEEN TEXAS. 

The report made by Field Agent F. E. Roesler in relation to the arte- 
sian waters and other subterranean supplies of Texas west of the ninety- 
seventh meridian is the most minute of all that has been presented. 
It will bear careful inspection. Nearly 700 flowing wells are referred 
to, of which a large number is reported upou. These wells flow from 
1 to 1,000 gallons per minute, and vary in depth from 16 to 1,852 feet» 
and in cost from $25 to $7,200. The average flow is about 15 gallons 
per minute. The Ave wells at Waco flow jointly the enormous volume 
of 5,000,000 gallons per diay. A notable feature of these Waco wells is 
that the water-bearing stratum is found at a depth of at least 1,200 feet 
below the level of the Gulf of Mexico. The greater number of the wells 
reported is found between the 97th and 100th degrees of west longitude. 
From the 100th to the' 103d degree there are but few such wells. West 
of the 103d meridian the supply of water from this source is larger. A 
remarkable feature of the section of Texas investigated is the supply of 
subterranean water from springs, among them being some of the largest 
known in the world. At Lampasas, in the central portion of the State, 
from one spring a flow of 2,400,000 gallons is obtained every twenty -four 
hours. The line of the subterranean waters moves westward from Lam- 
pasas, slightly to the north, bending at the 103d and 104th degrees di- 
rectly north by west, entering through the Panhandle and joining that 
portion of New Mexico which has been referred to as showing a remark- 
able outburst of springs. To the eastward and northward of this line 
that portion of Texas rises abruptly for 500 or 600 feet, and flows north 
like a sea, forming what is called the Staked Plains. Mr. Roesler's view 
of the wells developed and the use of the water thereof in horticultural 
pursuits demands careful attention. The speculative references he 
makes as to the existence of undersheet or flowing water below the sur- 
face deserve the consideration that belongs to the views of a careful 
observer of large experience, knowledge, and good judgment to sustain 
his deductions. His whole report is one showing not only remarkable 
industry, but it is replete with information clearly presented, which illus- 
trates in a striking manner the extent and importance of the supplies 
examined. 

HOBTICULTURE AND IRRIGATION. 

Irrigation by means of wells and other underground sources has no- 
where received so practical an illustration as in California. Quite re- 
feet. The volume thereof is estimated at 220 gallous per minate. Several wells have 
been bored at Springer, bat the flow in them is of the negative character, as it does 
not rise above the surface; The altitude of this well is nearly 5,660 feet, or about 
100 feet less than that of Springer. The drill passed through 20 feet oi alluvium 
mod 200 of slate and limestone, fhe water was struck below a stratum of sandstone 
30 feet thick. The pressure is unknown at this office.— R. J. H. 
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cently a statement has been made by the postmaster at Sacramento, 
Buss D. Stevens, who is also a viticalturist, as to the effect of irriga- 
tiou by wells in increasing both the quantity, and quality of his grapes. 
The Sacramento Valley region of Galiforuia has been considered for 
horticulthral purposes as one in which irrigation was not necessary. 
Mr. Stevens, in 1888, bored two moderately deep wells and found water, 
a strong flow of which rises near to the surface, and is then distributed 
over the vineyard and orchard by windmill pumps. The result of his 
first year's work — that is 1889 — was the doubling in value of his grapes 
as measured by sales in the Kew York market, and by almost the same 
increase in quantity. This is but one instance of hundreds that could 
be cited. 

On the Staked Plains of Texas, where irrigation must be entirely by 
well water, fine fruits are grown with great advantage. The small 
farms thus irrigated at Mai'ienfeld, Midland, Odessa, and Big Springs 
make handsome profits ^nd return to their owners from $200 to $300 
per acre. It is claimed also for the whole of subdistricts Nos. 1 and 2, 
in the Texas division, that owing to advantages of climate all the finer 
garden vegetables and small berries can be grown and ripened therein 
several weeks earlier than in southern California. The same thing is 
claimed as true of the entire southern and central sections of tho Rio 
Grande Valley. Eastern New Mexico will be found to be a fruit-growing 
country of great possibilities. Outside of the valley of the Pecos, in 
which a large area is now cultivated by water from the canals fed by 
the great springs at Eoswell, a large proportion of the arable land will 
be found in small isolated valleys readily served by the springs and 
underground supplies that are waiting to be utilized. 

The foot-hills region of eastern Colorado, and the western portioi of 
the Upper Arkansas Valley, so far east as Dodge City, Kaus., will pro- 
duce the fruits and berries of the temperate zone in great abundance 
and early maturity. All of these products can be greatly aided by the 
application of water to the soil — in the regions named irrigation is a 
necessity. A grf>at portion of that land is still the property of the 
United States or of the State of Texas. There remains of public lands 
still unsurvey* d,* in the State of Colorado, 8,500,000 acres: in New 
Mexico, 30,000,000; in Indian Territory, 13,500,000; in Public Lands 
strip, 3,672,640 acres; while in western Kansas and Nebraska there are 
at least 30,000,000 acres of unoccupied public lands, the greater por- 
tion of which, if water could be obtainable, can be made fertile and pro- 
ductive. 

THE FLOV^ma WELLS OF THE BASIN BEOION. 

In Utah about 2,000 bored wells t have been sunk into the higher 
water bearing stratum of the Salt and Utah lakes' region. These wells 
rise through small bore pipes, from 1^ to 3 inches in diameter, with 
a flow of from 2 to 5 inches above the casing. ]So records of any 
value have been kept as to the service their waters render. Evidence 

'American Almanac for 188H. 

t Mormon church records give the location of 1,734 flowing wells. Prof. M. £. 
Jones, of the Deseret University, in a report made to the Governor of Utah for the 
nse of the United States Senate Committee on Irrigation and the Reclamation of Arid 
Lands, places the total at the higher figure. The church report was made to Prof. F. 
H. Newell of the United States Irrigation Survey. The number of acres irrigated 
are reported by Newell at less than ij,000j by Professor Jones at the figures given in 
this paragraph. 
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At present the developed baeiDs of that State are — 

Those of the high altitude areas, such as that of Sierra County, where 
200 wells are already flowing ; 

Those of the great Central Valley, or intra-mountain plain of Sacra- 
mento and San Joaquin ; 

Those of the San Francisco Bay region extending from the southern 
end of the bay, in a triangular shape down the coast to an apex at San 
Jo86 ; • " . 

Those of the coastal region south from San Job6 with its table-lands, 
valleys, foot-hills; * 

Those of the extreme southern counties of Los Angeles, Orange, San 
Bernardino, and San Diego, including also the desert and plateau lands 
of the Colorado Basin, the Mojava Desert, and the Antelope Valley. 

Thousands of bored wells are in existence, the water of which rises 
nearly to the surface, and myriads of windmills can be seen all over the 
landscape engaged in pumping this water for the use of farm-yard and 
held. A very considerable area, of which no direct record has been 
made, now in use for garden and orchard purposes, is maintained in 
fertility by water drawn from this source. In the southern coast coun- 
ties these wells are very numerous. The drainage waters of the coast 
range are also tapped in the low rolling foot-hills by the enlarge- 
ment of the springs or the driving of small tunnels therein. The Cali- 
fornia fruit-grower is just beginning to apprehend the importance of 
this supply. Two of the more important artesian belts known to the 
world are found in the San Joaquin Valley and in the counties of the 
State south therefrom. Tulare and Kern Counties offer interesting 
facts. The vast bulk of Mount Whitney towers over the Sierras to the 
east thereof, forming the central point of that enormous range, and 
sending down surface strata, and 80 to 100 inches of precipitation 
which annually falls upon its summit. The swollen floods of the King, 
Kern, and smaller streams in their turn supply the great canal sys- 
tems of Kern and Tulare. Tulare Lake is fed from this source. The 
whole of that section of California's great valley will doubtless be found 
when proper investigation is made to be underlaid with the same sup- 
ply ; and in a belt of country lying to the north and soutit of Tulare 

*Mr. Brainard, C. £., in a paper before the Amerioan Society of Civil Engineers 
(March, 1887), describes the basin. In a discussion before the American Society of 
Civil £ngine«5r8, consequent upon the reading of a yalaable paper on ''Irriii^ation," 
by Edward Bates Dorsey, C. £., Henry A. Brainard, C. £., of CaUfornia, spoke of 
irrigation by means of artesian wells, as follows: 

" I have observed * * * in a section of country of trianj^alar shape, the base 
being the southern end of San Francisco Bay, and the apex a point a few miles south 
of the city of San Joh6. Within this district artesian water rises from 2 to 20 feet 
above the surface. The wells are from 4 to 7 inches in diameter, cased with iron, aud 
capped at the top with regulating stop-cocks, or valves, by which the supply may be 
eutirely shut ofif. 

*' Surrounding this district is still another, in which water rises t-o the surface only, 
or within distances down to 50 or 60 feet, the wells being from 100 to 200 feet deep. 

''In the artesian belt 'proper' the wells vary from 100 to 500 feet. One well irri- 
^atps from 10 to 25 acres of land. The wells are bored along the highest side of the 
land, the overflowing water being conducted in wooden flumes laterally, and dis- 
tributed as are any irrigation.'' 

Mr. Brainard says that the water is used for gardens, small Aruit orchards, alfalfa, 
and late or fodder-corn. Where the water does not flow above the surface, pumps 
are used. A small engine raises sufficient water each day to irrigate 5 acres. On 
the once-a-week application plan, much used in that section, it will irrigate 35 
skcres. According to Mr. Brainard, *'the advantages of irrigation by artesian wells 
are: Absolute control of the water as to the amount, and also as to the time when it 
may be nmn}. No complication (as to rights) can arise. As artesian wells have mnlti- 
]ilied, there has been a reduction of head from 2 to 4 feet within the last twelve 
years." 
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Lake, some 40 mfles in length and 50 in width, over one hundred flow- 
ing wells have already been bored.* 

South of Tulare and in Kern County this belt or a similar one runs 
north and south for a distance of 50 miles and from 10 to 15 wide. In 
the l^ulare basin the average depth of forty of the principal wells is 
469 feet, and of the remainder about 300 feet. At that depth they are 
considered to possess the best and strongest flow. The lowest flow ^or 
twenty-four hours is 200,000 gallons and the highest 3,000,000, while 
the average is about 1,600,000. In the center of the tract, which con- 
tains the strongest welN, an area of 16 by 14 railes^ the total ^ovv is es- 
timated at over 48,000,000 gallons i)er twenty-four hours. It is stated 
that 2,400 gallons flowing continuously for the season of one hundred 
days will irrigate 1 acre of land. If the water from the wells producing 
this flow was properly stored, it would, allowiug the loss of one-third by 
evaporation and percolation (which for well water is a large estimate), 
irrigate at least 42,000 acres of land. There are now from 10,000 to 
1'J,000 acres served by the Tulare County wells. Of 40-acre farms, 
4,000 could easily be supplied from this tract without pumping or other 
mechanical means of lifting. A flow of 6 inches over an 8-iucli casing, 
which is a common feature of these wells, will give 5 acre feet every 
twenty-four hours and serve 350 acres of laud. The Kern County belt 
is even more remarkible. The able engineers, who have been employed 
by Messrs. Haggin and Carr, owners of the great canal sysrem, estimate 
that the artesian uuderflo\^ will cover the eutire valley region, a tract 
of country as large as Delaware and Rhode Island combined, and capable 
of sustaining by agriculture a much greater population than those two 
States. The average Kern County well will serve, it is estimate^l, one 
section of 640 acres of land. If its continuous flow is properly stored, 
its service can be made as high as 3,500 acres. If these estimates are 
correct, the Kern County artesian belt will becomeinits economicquality 
the second important in the world. So strong is the flow when the ar- 

* Partial tahU of artetian welU in California, 
[Compfled ftom **Phyaioal Data and StatistlMt'* State engineer's office, 1889.] 
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(a) Tbe flow of three wells not given, (b) The flow of five uot^iven. (c) Thoflowof ci}:htnotpiven. 
(d) The flow of twelve not given, (e) The flow of six not givou. (/) The flow uf seven uot ;;ivcn. 
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(•) The flow of one hundred and nioety-eicht wells is not given. TheHu may be assumed with fair- 
lieae to fire enough flow to warrant an eetLniat« of 24,000,000 gallous for each twcuty-four hours for 
Um wbob four hoAdred and seven reported. (6) The flow of ev^hi uot given. 
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tesian supply is strack that the farmers find it difficalt to control the 
same. 

In the upper part of Kern County, just south of Tulare Lake, there 
are about forty of these great wells within a radius of 10 miles, none of 
which yields less than 1,000,000 gallons per day. The twelve largest, 
whose flow ranges from 1,200,000 to 2,500,000 gallons, give a total flow- 
each twenty 'four hours of 23,600,000 gallons, which will serve at least 
20,000 acres. The temperature of this water is almost uniform, being 
about 71 Fahr. both winter and summer. The average depth of the upper 
or uortH^rn wells is about 350 feet, ranging from 250 to 460 feet. Else- 
where the range is from 325 to 1,000 feet in depth, the cost running 
from $500 to $3,000 and averaging about $ 1,400 each. The flrst of these 
wells was bored about twelve years since. Their use has been largely 
confined to the cultivation of alfalfa and other cattle feed. Theie are 
probably in the same region 500 or more bored wells, the water of which, 
derived from stratum near the surface, does not rise thereto but is lifted 
above it by mechanical means. Perhaps the most remarkable well from 
the stand-point of economics is one in the neighborhood of Deland, in 
the eastern part of the foot hills regions of Kern County. It is located 
on the southeast quarter of section 4, township 25 south, range 25 east, 
and for several years has flowed steadily to the amount of 2,500,000 
gallons per day. It feeds an irrigation ditch of many miles in length 
and of considerable depth and width, which has the appearance of a 
small river. Kern County has been controlled chie^ by large land 
owners, whose interest now compels the adoption of the colony or small 
holdings system. With the increase of this form of settlement there 
will come a rapid exploitation of the underflow water supply, and more 
specially that the surface canal system, which has been created at the 
expense of several millions of dollars, will probably for some time re- 
main in private hands to be used as a means of obtaining a large rental 
income. Prosperity on the part of the settlers will compel them to seek 
independence from this control, and as a result the great artesian un- 
derflow will be rapidly utilized. ^ 

WHY THE SUPPLY SHOULD BE BOTH PEBIODIO AND PERMANENT. 

Los Angeles and San Bernardino Counties have made great progress 
in the development of artesian waters. The stratum below the allu- 
vium or surface soils is largely composed of glacial dnft, coarse gravel, 
bowlders, clay, rocks, etc., that have been loosely forced down in enor- 
mous masses by the movement of glaciers. The drainage of the sur- 
rounding ranges finds its way into this loose drift, and as the hydro- 
static pressure is necessarily great, the drainage sheet moving with 
slow momentum to the sea becomes at once, whenever tapped, an artesian 
How of great force. There are several hundred springs in the eastern 
and southern portions of Los Angeles County and in the valley of Santa 
Ana; in fact, a great portion of the enormously valuable horticultural 
region of that county is supplied with the water it needs from this 
underground sheet. The value of such supplies, with the works by 
which they are utilized, runs into millions of dollars. In San Bernar- 
dino County the artesian basin supply forms one of the first, if not a 
most important source of irrigation. In the San Bernardino basin 
proper, conveyed by the drainage of the mountain range so known, 
there are not less than 2,000 flowing wells in operation. Land formerly 
held at from $10 to $40 is now salabh^ at from $200 to $500 per acre. 
The Ubc of such wells is comparatively recent. At first they were sunk 
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SO rapidly that there was an alarming decrease in the supply. The 
effect of the care which followed is to establish the existence of peri- 
odicity. The wells increase and diminish in their flow with season- 
able regularity, the melting of the snows of the ipountain ranges Ail- 
ing the stratum from which the supply is derived. As a consequencf*, 
necessity is creating rules and regulations by which the flow is turned 
off or on, al stated intervals, and thereby economized to the utmost. 
The experience of San Bernardino and other portions of the fruit-grow- 
ing sections of southern California, where wells are utilized for horti- 
cultural purposes, shows the need of maintaining public or community 
sopervision over the sources of supply. The well-bore is usually pri- 
vate property, but in the arid region the source from which this supply is 
derived, must be under public control. The local body. State, county, 
or irrigation district, as the case may be, must therefore have power to 
determine the number of wells that can be profitably sunk so as to make 
the largest and most secure use of the supply. The experience of Den- 
ver, Colo., as illustrated by Field Agent Carpenter in his report, is an 
evidence of this necessity. With such public or community control, as 
suggested, a sufficient number of wells could be maintained in that 
basin in all probability to supply the demand. In southern California 
there are now over 2,(l00 flowing wells. A partial record of those sunk 
in the Chino Hanch, San Bernardino County, sent to this office by Kich- 
ard Gird, the owner thereof, gives Jthe following result : 



KoofI 


Time 

eou- 

pleted. 


Co8t. 


Sec 


LocatioD. 




Remarks. 


weU«. 


Tp. 
2S. 


R. 


MeridiRD. 


1 


1887 


$329.86 


9 


8W^. 


S.B. M. 


Soft, cool water fonnd in heavy gravel, 














. 


nbotit 1 70 feet- 


2 


1887 


854.40 


3 


2S. 


8 W. 


S. B. M. 


Soft, cooi water found in heavy gravel, 
aboat 360 feet. 


3 


1887 


1, 039. 66 


IS 


2S. 


8 W. 


S< B. M. 


Soft, <;ool water found in heavy gravel, 
abont 260 feet. 


4 


1887 


i78. 16 


4 


2S. 


8 W. 


S. B. M. 


Soft, coo) water found in heavv gravel, 
about 300 feet. 


5... 


1887 


1, 017. SO 


4 


2S. 


8W. 


Oa B. S£« 


Soft, cool water found in heavy gravel, 
about 360 feet. 


€ 


1888 


2,375.00 


33 


is. 


8W. 


S. B. M. 


Toola lost at about 600 feet and well aban- 
doned. 


•• 

t . .... 


1888 


877.^ 


7 


2S. 


7W. 


S. B. IbS.* 


Struck impenetrable bowlder at 100 feet 
and well abandoned, 


8 




460. 35 


17 


2S. 


7 W. 


S.B. M. 


Still unflnl8he<l. 


9 


1888 


035.63 


4 


2S. 


8 W. 


S. B. M. 


Flows over 40 inches choice water, abont 
300 feet. 


W 


1888 


1, 067. 32 


4 


2S. 


8W. 


S. B« AI> 


Flows over 40 inches (near No. 0), about 
300 feet. 



Note. — The above wells are partly 7 and partly 9 inch casing. 

Owing to the nature of the stratum the cost of sinking such wells as 
these on the Chino Banch is no evidence of the cost of the labor em- 
ployed, though it may be of the pipe and casing used. The bowlder 
character of the stratum is such that a well of 500 feet in depth will 
often cost no more than one of 100 feet. Two of the best wells on the 
ranch, sunk to 102 feet each, have a strong flow in a 2 inch casing, and 
have cost but $125 a piece. 

The most important single use of wells in San Bernardino County, 
however, is that of the Arlington Heights addition to the famous Riv- 
erside colony. Matthew Gage, the owner of the said land, purchased 
2,000 acres in the valley of the Santa Ana River, rangin<:: on both sides 
thereof, and sunk thereon forty-two artesian wells at a depth of 150 to 
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500 feet The water of these wells flows to and is stored in a system of 
distributary canals. Mr. Gage has reclaimed from the elevated mesa 
land lying above Eiverside 2,430 acres, now nnder orange and raisin 
cultivation. Each acre of this laud will sell at from $200 to $500, lu 
an examination by Prof. E. W. Hilgard, of the University of Galifoniia, 
perhaps the best authority in America on the relations of the soils and 
water to irrigation and cultivation, some dednctious are published 
bearing upon the degree of interdependence found in such wells. Pro- 
fessor Hilgard flnds that the nature of the substrata of the valley 
wherein the wells are bored to be entirely favorable to the permanence 
of the supply. After describing this sub-strata, and the sources of the 
water which flows through it, Professor Hilgard says : 

What we now see hap]^ening daring the rainy season at the months of the cafions 
has happened from time immemorial; the original depths of the San Bernardino Val- 
ley has been filled up to within 20 or 30 feet of the present surface, with just siieh 
masses as we now find surrounding the months of the oaHons; this immense mass is 
filled with water, anunally replenished during the flood season by the absorption of 
a portion of the water, issuing from the mountain, the rest passing directly to the 
sea. 

The Santa Ana River issues from its caflon abont 12 miles above the head of the 
Gage Canal. By barometric measurement it descends about 700 feet in that dis- 
tance, while Mill Creek issues several hundred feet higher stiU. The water absorbed 
by the gravelly masses and afterwards con fint d between successive clay sheets, might 
at the bead gate im a well 200 feet deep, be under nearly 1,000 feet of pressnre from 
the head of the valley. No such degree of pressure can, howev;er, manifest itself be- 
cause of the enormous friction opposed to any movement, and doubtless also because 
of a steady though slow seepage towards the sea, which relieves it below. It is this 
steadily moving column that the artesian auger intercepts and taps; and the ques- 
tion naturally presents itself whether and to what extent bore holes made fn the 
lower part of the valley would be likely to deplete those located higher up as would 
ordinarily be expected. 

While in the absence of more exact data, a close calculation in the premises is not 
possible, the observations made in regard to the effect of wells and groups of wells 
upon each other's flow suffices to show that such depletion is not at all likely to hap- 
pen; on the contrary, under existing conditions, it is probable that the bore holes 
tapping the slowly-moying column higher up the valley will, when tapping the same 
water-bearing stratum, have somewhat the advantages of those locatea lower down. 
But as the latter are more likely to reach the lower portions of the water-bearing 
mass, and as the extent of that mass is so great, it is not likely that the calls made 
upon the great stock will for some time to come be such as to create serious interfer- 
ence. This conclusion is the more probable, as in the case of any material lowering 
of the water level at the head of the valley, the absorption during the flood time 
would doubtless be increased in a certain ratio to that lower level, and a larger pro- 
portion of flood waters would be stored instead of rushing uselessly to the sea. To 
some extent, therefore, the increased demand would doubtless be offset by an in- 
creased supply. 

THE WOELD'S USB OF AETESIAN WELLS. 

The modern methods of boring for artesian water did not come into 
existence until the beginning of the present century. The French So- 
ciety for the Encouragement of Agriculture, in 1818, was the first mover 
in that direction, and since then the improvement has been most rapid. 
The Chinese still pursue the ancient method of percussion in the boring 
of artesian wells, and they have followed it for more than three thou- 
sand years. The utilization of under- ground water is a leading fact in 
the history of oriental regions, and its importance can be realized by 
an illustration from one country alone: The plateau, or high table-land 
region, which forms the greater portion of the peninsula of Arabia is 
without a single perennial stream or body of surface water. A popu- 
lation of 12,000,000 resides therein; large quantities of wheat, durra, 
barley, millet, beans and tropical fruits are grown on this high, appar- 
entlydry, sterile plateau. Ninety per cent, of the water supply, which 
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produces the present fertility, is drawn from below the Rnrface by 
means of old bored wells, and deep wells or tanks tliat are du^ into* 
the surface of the soil, some of them to a great depth, par ly cased with 
timber or clay, into which the water pours by seepage or percolation 
from the surrounding earth, and is then drawn to the' surface by the 
old-fashiooed wheel and bm^ket the power of which is 1uriiislie<l by 
camels or asses. The Mohamedan population of this peniusula is but 
little knowii to the traveler. Pal grave and others, who have visited 
them, speak of the comparative comfort and prosperity they enjoy. 
They are amone: the most intelligent and moral of their faith. TJiat a 
much more abundant life was once seen than now exists, is evidenced 
by the remains of great cities which have been found, in the southern 
portion of the peninsula, and approaching the Indian Ocean, springs 
abound, the water of which is drawn oft' into tanks, or weils, as they 
are called. They are thus kept from loss by evaporation; to be dis- 
tributed by means of well-sweeps to the thirsty soil. In a more north- 
erly )»ortion, the only supply comes from cisterns in which the winter 
torrents are stored. The striking fact in all of Central Arabia, htiw 
ever, is that of under ground supply. Throughout the eastern part of 
Oman, on the IVrsian Gulf, and especially in the villages of Kaseen, 
as an illustration of the character of these supplies, it may be stated 
that there are 40 wells, the flow from which maintains a po{>ulation of 
between 25,000 and 30,000 persons. The depth of these under ground 
supplies ranges Irom 15 to 200 feet. 

EAST INDIAN IBRiaATION BY WELLS. 

s 

In British India the system of irrigation by wells is carried on most 
extensively. Sir James Strachey,in his great work on the Finances of 
India, some years since, placed the area of cultivated land at liOO^ooo.OOO 
acres, of which 28,000,000 acres were cultivated by irrigation. Of this 
total, about 12.000,000 acres were served by water drawn from wells, 
and generally by man-power, it being found that the use of the mot 
or bullock- well is too costly for that country of cheap human labor. 
The general verdict among engineers and practical administrative offi- 
cials is that the land irrigated by well-water is more economi cally 
served than thfi.t irrigated by water from canals. Canal- water is, how- 
ever, more fertilizing, having been exposed to the sun. The wa^te of 
water in canal use has been found to be so great in many portions of 
India that the engineers have commenced the work of lowering the 
canals, so as to compel the lift and distribution of water by mechanical 
means. This results in greater economy in its use. The 12,000,000 
acres spoken of as supplied by well-water include, in the main, only the 
pro\inces directly under British administration. In the native states 
tributary to Great Britain, the number of wells and village tanks, which 
are usually large excavations designed to secure the seepage and un- 
derflow water, and of the drainage of elevated ground in the neighbor- 
hood, is much greater. It has been estimated that the area covered in 
the Indian peninsula by well irrigation is not less than 20,000,000 acres. 
From accessible statistics of eleven districts, including Madras and the 
Punjab, allowing 10 acres for each well, 392,593 are reported, serving 
3,925,930 acres. The British Government, since the famine period, has 
given great encouragement and attention to the system of village wells 
and community tanks, allowing bounties for their protection, and [)ro- 
viding careful regulations for their maintenance. They have found it 
cheaper and wiser to assist in securing a permanent supply of water so 
as to prevent famine, than to feed the people after the famine comes. 
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ASIATIC USE OF UNDEE-GEOUND SUPPLIES. 

In Sind, BeloochistaD, Cashmere, Afghanistan, Persia (especially the 
Plateau of the Iran region), Chinese Turkestan, and in Eussian Turkes- 
tan, nnder-groand waters and their restoration to the surface by gravity 
or lifting have always played a most important part. A vast system 
of under-ground couduits exists throughout the regions named, e8[)e- 
cially in Persia, that are designed to carry the drainage waters of the 
foot-hills regions for long distances until they debouche upon the less ele- 
vated plains below. So enormous is this supply, that vast populations 
have, for many centuries past, been supported from the fields that 
were quickened by the application of such waters. The proofs of their 
enormous extent are found throughout the whole of Central Asia — the 
great plateau and hill country which belongs to the Himalayan system. 
It has been suggested by observers traveling through Persia and else 
where that these karnaks or under-ground conduits have the effect of 
desiccating the soil above the area of their influence as they pass from 
foot-hills to the plains. This, if true, is probably due to the clumsy 
character of the system, and not at all to the endeavor to secure the 
utilization of the under-ground drainage waters. As an illustration of 
the nature of the subterranean water-supply, the evidence of Civil En- 
gineer J. W. Barus, a former member of the Bombay public works de- 
partment, who was stationed some years since in Beloochistan and the 
hill district of western Sind, may be taken. He says : 

I had long ent-ertained the idea that Hnbterranean water existed in certain localities 
in the hills capable of overflowing throagh artesian borings, if they were made, and 
in iH^o-'c^, [determined, after a critical examination, to give this mode of obtaining 
water a trial. 

Mr. Barns's labors were commenced about 8 miles northeast of Kur- 
rachee, and in the course of a few weeks he was able to pierce the first 
water-bearing stratum, "when the water rushed up and overflowed the 
surface, contiuuing without intermission to flow to this day. The tem- 
perature of the water is 83 Fah." Though slightly brackish, it is useful 
for irrigation. Mr. Bams regards the large springs which abound in 
the district wherein he work^ as proceeding from the same source as 
the artesian supply. At a lower depth he expected a larger and purer 
yield, and suggests a continuance of boring to the tertiary strata. This 
is the same which our geologists reported as underlying western Ne- 
braska and Kansas. The description of the region in which Mr. Barns 
worked, climatic considerations aside, bears a striking parallel to the 
southeastern porton of New Mexico, in which there is a great spring 
section continuing south and east into the lower part of the Panhandle 
and other sections of Texas. Mr. Barns says in relation to the general 
subject of subterranean supply : 

In dealing with this qaestion, we start with the absolute certainty that wherever 
water is found inland, whether in the shape of springs or rivulets, it hafl but one 
origin, namely, the supply from the clouds in the form of rain and snow. We are in 
the habit, because some lar^e portion of those zones just beyond the tropics contains 
vast deserts, and have no rivers draining toward the ocean, of assuming that there 
is literally no rain-fall ; but it is a mistake ; even the Sind, which is spoken of as 
being destitute of rain, has ganged a rain- fall of forty inches in some parts in three 
months, and averages, I believe, four inches per annum. 

The value of local irrigation is^hown by the Indian revenue reports* 
The land irrigated by wells in the Madras Presidency, being about 
2,000,000 acres in extent, yields a revenue of £1,500,000 sterling, or 
$7,500,000, against the $10,000,000 derived from 25,000,000 acres of non- 
irrigated' farm land. In one case the land revenue or rent is $6.75 ]>er 
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acre, against $2.50 per acre in the other. The intrinsic or market value 
of crops from irrigated lands will average $8.5<) per acre as against $*^.50 
in the non-irrigated. The latter depends entirely upon the local rain-fall. 
It is a fair estimate that there are in the world to-day at least 
200,000,000 persons depending solely for their food upon a^eas irrigated 
by water drawn in the most primitive manner from underground sources 
in the form of wells, springs, or drainage conduits, such as have been 
referred to as existing in central Asia and Persia. An examination of 
the records, habits, and customs of the communities so supplied will 
show an elaborate system of care and maintenance. The countries in 
which this system has been most widely obtained have in past centuries 
been more highly civilized and have borne a large share in the ancient 
history of the world. They have not failed to maintain their position 
by reason of the failure of the water supply, but because of the rSivages 
of war, the extent and proofs whereof are seen on all sides, which have 
devastated and destroyed their fields and works. In the past history 
of this vast portion of the world the people of whole States have been 
swept out of existence. The constant and unchanging tendency of 
climatic aridity has conquered the ameliorations produced by human 
industry, filled up the conduits, choked the wells, destroyed the surface 
works, and from want of the cultivation theretofore existing produced 
and intensified the vast desolation which now exists over such large 
areas. The re-establishment of the irrigating works and the conserva- 
tion of the water supplies required therefor, will ^uite certainly restore 
enormous portions of these great areas to the use of man. If such 
things can be done under the tropical sun they will certainly be achieved 
in onr more favorable climatic conditions and through the quickening 
activity of the mechanical and inventive genius of our people. 

AtJSTBALIAN INYESTiaATIONS AND EXPENDITURES. 

The British colonies of New South Wales, Victoria, South Australia, 
and Qoeensland are actively interested in the problems of artesian or 
other subterranean waters. Considerable sums have already been 
expended directly by these colonial governments in boring for well 
water and in the construction of tanks to store the waters of percola- 
tion. Bounties are given in aid of private enterprise, and << trust" 
organizations have been framed to enable the *^shire^ or county author- 
ities to issue bonds, construct works, bore wells, store water, and pro- 
vide for their conservation and distribution. Besides the direct en- 
couragements, these Australian colonies annually expend large sums of 
money in investigation and in the publication of the results of the same. 
The irrigation reports of New South Wales and Victoria are among 
the best and most instructive issued in the world. It is said by one of 
the scientists employed by the colony of New South Wales that 1 inch of 
rain over the whole colony at the right time is worth a million of money; 
that is, $5,000,000 of our money of accoun t. The average annual rainfall 
for that colony is given f5r a period of fifteen years at 23.08 inches. The 
evaporation in 1888, as gauged at nine stations, averaged 47.72 inches, 
the largest annual loss known since observations have been taken. 
Other and interesting investigations relate to loss by drainage, and the 
conclosions reached are striking. Lake George is an important body 
of interior water. The water-shed area is twelve times that of the lake 
proper. The gauges in use show that on the occasion of a great rain- 
storm the lake waters arose exactly 11^ inches. Of this 8 inches were 
directly due to the rain-fall, the balance being drainage. If the fall of 
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the whole area had been conserved, the lake wonld have risen 96 inches. 
As it was the observations show an immediate loss bv drainage of 84^ 
inches. This proves a natnral conservation into the lake through ))er- 
eolation of bnt 3^ inches of the total precipitation. In the Darling 
Elver basin the drainage conservation during the wettest year of ob- 
servations amounts to bnt 2.33 per cent, of the total rain-fall on its 
surface. These facts justify a belief in the enormous extent of exist- 
ing and continuous underground supplies of Wciters to be made avail- 
able for arable and pastoral irrigation. Several thousand flowing and 
rising wells are mentioned, and their use is given in the colonial reports. 

BECLAIEATION OF THE ALGEBIAN SAHARA BY WELLS. 

But the most remarkable example of reclamation by means of artesian 
well water is found in the desert provinces or departments of Algeria 
under the French rule. The area, officially given, of French Algeria 
is 184,465 square miles. The outlying portion is put at 135,000 square 
miles. In this total of over 329,415 square miles one half belongs to the 
Sahara or desert. The European population in 1887 was about 250,000; 
the natives and naturalized were 3,328,549, making a total of 3,5 8,549. 
Cultivation by the means of flowing well-waters has been sedulously 
fostered by the French Colonial Oovernment for both political and 
economic reasons. Such wells as a means of reclamation began sys- 
tematically to be bored in 1857, the French engineer, M. Jus, having 
demonstiated in 1856 that the desert was endowed with large supplies 
of underground water. The total number of wells that have been bored 
since that date in the departments of Algiers, Gran, and Constantino is 
stated at 13,135. These wells range from 75 to 400 feet in depth, and 
the low pressure common to the majority of them forces the water over 
the small bored casings to a distance of about 2 feet above the ground. 
The waters are then collected in small ditches, which convey them to 
the vineyards, date trees, and fields of durra, millet, wheat, etc., which 
comprise the chief products. In all, about 12,000,000 acres have been 
reclaimed in this way. The government bores are at least one-tenth 
of the whole number. 

The total flow of 100 of these wells in the desert south of Constan- 
tino is given at 33,016,000 cubic gallons; that is, about 120,000 acre feet 
per year. As an illustration of the reclamation brought about by this 
well irrigation, the following figures from a report made in 1885 will be 
of value, but they relate solely to the cultivation of the grape for wine- 
making purposes. In the province of Algeria there are 60,322 acres; 
in Constantino, 25,021 acres; in Gran, 26,114. Under this species of 
cultivation Algeria is becoming a great wine-growing country. It sent 
to France during eleven months of 1886, 10,513,966 gallons of wine, 
and of cider in the same year, 219,277,124 gallons were made. . The 
date palm is the largest product of the desert oases proper. The total 
area under colonization or settled occupation in 1887 is given at 
49,400,000 acres; under cultivation by irrigation in wheat, barley, oats, 
vines, olives, dates, tobacco, etc., at 17,041,134. The forest plantations 
cover 5,000,000 acres. Mons. G. Bollaud, in the Revue Scientifique of 
June, 1886, says in relation to the province of JJOaed Bir: 

Within thirty years the oases (reclaimed by wells) haTe increaAed in value five- 
fold ; the condition of the natives has been improved, together with the complete 
pacification of the southern part of Algiers, and the population has more than 
doubled. These oases are composed principally of forests of date palms, the shade 
of which shelters the growth of their grapes. Without iriigation it would be im- 
possible for the earth to yield anything, evt^n the date palms wonld not produce fruit. 
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The manner of irrif^tion vayies according to tbet nature of the wafpr obtnined. 
There are fieTeral kinds of oaseSy^viz: thotie of the riverH, those wiiii f<Mi>iii«in we U, 
those with eprings, and others with artesian wells; all of which kiiidH sre foiiii^iiK^cl 
at times in the same Wea. The river oases are fonud eanily in the dry Ind of the 
Oned, and the sunken waters of the stream are brought to the surface by excavation 
and boring. This supply comes from the '^Mountaius of the North." The UHually 
dry streams become torrential at the spring season. Wuter is very scarce in sammer 
aud the oases suffer unless reservoirs have been made by. means of dams. 

The common wells of the Algerian Sahara are qaite numerous, espfcially in the 
center of the region, but the prosperous sections are those regions which are supplied 
by artesian waters. It is not necessary that these waters sliould gash or flow above 
ground, for in some parts of the Sahara and the province of Coustantiue there is 
found a sheet of water reached from the surface at a depth of from 10 to 20 feet be- 
neath. When tapped this supply rises rapidly. The area in which it is found is close 
to, and sometimes below, sea-level. The very gardens and vineyards that are culti- 
vated by this supply are lodged in little cavities dug out of the soil between the sand 
dunes that cover the larger portion of the Sonf region. By this means the palm roots 
itself in the watery bed found below, thus obtaining a constant though moderate 
humidity. The earth dug out forms a barrier around each of these little gardens, 
against which the sand accumulates, protecting the palms from beiu|^ overwhelmed, 
and making at th» same time a curious feature of the landscape, as their green plumes 
seem often on a level with the ordinary surface. Under these conditions the palm 
comes to perfect maturity. Many thousand acres are reclaimed in this way. In the 
artesian regions proper the water gushes forth with a small, but steady and perma- 
nent flow. The manner of using it in all sections is to distribnte it in proper chau 
nels, it being constant at all seasons of the year. Within a few years past this system 
of artesian waters and distribution has penetrated eastward into the Sahara of Tunis, 
and considerable areas are there under cultivation by this method. A remarkable 
fact in the development of this supply is the enormous increase which has resulted 
from the systematic boring of wells and the distribution of waters. So large is the 
supply in some parts that oolmotage—th&t is, draining with irrigation — is necessarily 
practiced to insure the security of the crops and the health of tne inhabitants. The 
Sahara regions of southern Algeria and Tunis possess immense basins of artesian 
water, no doubt with high pressure, and flowing therefore with considerable force. 
The waters found are usually soft and potable, their temperature ranging as high as 
70^. To the north and west of Constantine, there is an enormous springs region, among 
which may be reckoned the sources of the Zab, forty-two in number. lu L'Oued Rir, 
already referred to, the united discharge of these artesian wells amounts to 34,:M6,000,- 
000 gallons'a year, or 21H,714 gallons per minute. At the time of the Ftench conquest 
of this region the condition of these oases was most lamentable. Cultivation was fading 
away from want of water, many of these oases had disappeared entirely under the 
sand clouds which are constantly blown across the surface of the Sahara, but now 
they are well cultivated. 

The conservation of water by the Algerian system of well-boring and storage is 
strikingly illustrated by the following table of annual use and waste in acre-feet 
(326,^29 gallons of water per acre, or 1 cubic foot upon the surface of an acre of 
land) at the village of Saint-Denis du Sig, nef^r the River Maherru : 



Date. 



1863 

1864 

1865 

1«9 

1867 

1818 

1W9 

1870 

1P71 

1872 

Total 



Watfirs 
Qtilized. 



Aere-feet 

9,351 

8,893 

16, 235 

10,485 

4.511 

13, 594 

10, 757 

10,250 

11,578 

16, ASH 



112, 139 



Not 
utilized. 



Aere-/eet, 
2, 397 
5,955 
33,410 



7,489 
6, me 
8,644 

10. 250 
18, :{85 



87,636 



The first well was sunk in June. 1856. When the water poured forth it yielded 
4,000 liters, or 1,040 gallons, per minute, and it was named the ** Fountain of Peaco." 
In 1885 there were 114 deep artesian wells bored by the French Government in that 
province. From 492 other wells in the same region the united discharge is 2H8,()98 
liters, or 69,861 gaUoniy per minnte. The Goyemment wells, some of which have been 
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in n^ for tliirty yearn, have nerer decreased in their discharge ; on the contrary, there 
is a rapid increase in the total water sapply. In the Department L'Oned Rir these 
wells have been the means of reclaiming forty-three oases, which have abont 520,000 
dato-palms in f nil bearing, 100,000 other frnit-trees, and 140,000 date-trees of seven 
years' growth. The annual value of snch production exceeds $500,000, and the em ire 
increase in value has not been less than fivefold. Since the commencement of the 
artesian waters exploitation the French Government had organised an extensive plan 
of colonization, which they are gradually extending southward, taking in areas that 
havB been regarded heretofore as purely desert in character. By so doing they ooiurol 
the nomadic tribes about them, create new oases, and make settlements where nothiug 
but waste existed.* 

WHY SUCH UNDBB-GBOUND SUPPLIES EXIST. 

The explanation of the Algferian supplies is very simple. Aboat the 
desert rise precipitous mountain ranges, towering to a great altitude. 
The drainage of these mountains, now denuded of timber, comes down 
with great torrential force, disappearing in the sandy regions below. 
Where the water collects in basins at the foot of the mountains it soon 
evaporates under the influence of the summer heat. Disappearing be- 
low the sand, these waters give birth to subterranean sheets of water, 
which, according to the place from which they flow, and the hydro- 
static ])res8ure to which they are subjected, have more or less force on 
being ta4)ped and rising to the surface. The utih'zation of the Alge- 
rian underflow oiiers a remarkable illustration of the great importance 
of such waters in their economic use. It would be to a majority of hy- 
draulic engineers and geologists a most unlikely place in which to 
find such a supply. The existence thereof points to the possibility, in- 
deed the strong probability, of our also finding abundant subwaters 
in such regions within our own territory, as the Colorado, the Mojave, 
and the Antelope deserts in California, as well as other desert basins 
elsewhere found. 

There are other proofs to be given of the existence in enormous volume 
and body of the waters of drainage, seepage, and percolation through- 
out the known world. There is abundant proof also of their use and 
value in agriculture and horticulture, fbr power and domestic purposes. 
Spain, for example, has within the present generation developed a large 
artesian supply, using the same for farm cultivation, thereby in a more 
improved form returning to the practices of the Moors. In Italy a great 
area is influenced and aided by artesian waters. So also in Belgium, 
France, and Great Britain. Nowhere, indeed, have these subterranean 
waters, in some form or another, been a failure. Their development, 
then, is a matter of great importance. When successful they will bring 
the life-giving fluid to the earth's surface and quicken it into fertility. 
They will do this if tlie conditions are fully made clear to the common 
understanding, under circumstances sure to render cooperation easy 
and results somewhat uncostly. , 

*The following table gives the total (1887) of flowing and rising wells in Algiers 
and their cost : 



Provinces. 



Algiers 

Orau 

Constantine 

Total 



Artesian 

and chain- 

pump wells. 



6.128 

4,3K4 
2,623 



13,135 



Cost of 
construction. 



$16. 280, 861. 20 
15, 062. 40a 80 
13, 773, 210. 40 



45,116.480.40 
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OONOLXTSION AND AOCOMPANYING REPORTS. 

The provision of law under which the artesian wells investigation 
has been carried on distinctly and affirmatively directs that ^'nothing 
herein (contained) shall commit the Government to any plan of irriga- 
tion or the construction of works thereunder." In strict accordance 
with your instructions, and in obedience to both letter and spirit of law, 
this work has been carried on. No attempt has been made to support 
or find ''any plan of irrigation." No expenditure could have been made 
for " construction works," and not a thought even has been given thereto. 
The object was to obtain information, and every energy has been strained 
in that direction and to assure the full reliability of the same. A con- 
siderable amount of correlative data has been of necessity secured in 
the work assigned to the gentlemen engaged in the investigation. This 
data has proved very useful in the preparation of the accompanying 
reports, and much of it will be embodied in a suplementary report 
called for by a resolution of the United States Senate. Whatever con- 
elusions may be reached as to the need or otherwise of further legisla- 
tion, this may be fairly said, that the facts presented fully justify present 
expenditures, and demand, because of their weight and importance, a 
fall and serious consideration of the grave legislative, economic, hydro- 
logic and other physical problems involved. They vitally relate to the 
present and future administration of a large section of our public do- 
main; they are intimately connected with the industrial security of a 
large and growing population, and they greatly concern the conserva- 
tion and progress of our western agriculture. 

In closing this report, I have the honor to forward herewith the re- 
ports, submitted to the Secretary through the special agent in charge, 
of Edwin S. Nettleton, supervising engineer of the United States Irri- 
gation Survey,^ of Prof. Robert Hay, general field geologist, and of 
the State geologist of Texas, E. T. Dumble* Also the reports made 
through Frofessor Hay, of the field geologists, to wit: 

Prof. Oarry E. Culver, on the Dakotas artesian basins and their 
geology. 

Prof. Gilbert E. Bailey, on the artesian waters and geology of the 
southwest section of the State of South Dakota, and the eastern section 
of Wyoming. 

Prof. Lewis E. Hicks, on the artesian and subterranean waters of 
l^ebraska and the geology thereof. 

Prof. P. H. Van Diest, O. E., on the artesian basins and waters of. 
Colorado and the geology thereof. 

Also the reports of the several division field agents made to the spe- 
cial agent in charge, to wit: 

T. 8. Underbill, on the wells and waters of North Dakota. 

Prof. Stephen G. Updyke,on the artesian wells and basins of the south- 
east portion of South Dakota. 

F. F. B. Coffin, State irrigation engineer for South Dakota, on the 
artesian wells in that portion of South Dakota east of the Missouri and 
north of 44^ 13' of north latitude. 

Horace Beach, special expert, on the finding of artesian waters in the 
Dakotas. 

J. W. Gregory, on the artesian and subterranean waters and wells of 
the central division, western Kansas, Nebraska, and Indian Territory, 
etc. 

Prof. L. G. Carpenter, on the artesian basins, wells, springs, and other 
Aupplies of eastern Colorado and New Mexico. 
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Frank E. Boesler, on the artesian waters^ wells, springfi, and nnder- 
sheet sapplies of Texas west of 97^ of longitude. 
The following maps and views also accompany the report : 

I. Map of the region of inyestigatioii in three parts : 

(a) North and Sooth Dakota ; 

(b) Nebraska, Kansas, and pablic land strip west- of the ninety-eeventh meridian, 
with Colorado and Wyoming east of the one hnndred and fifth meridian of longitude 
west of Greenwich; and 

(o) The Indian Territory, New Mexico, and Texas, fjrom the ninety-seventh meridian 
westward to the foothills of the Rook^ Mountains. 
IL Map of the Denver, Colo., artesian basin. 
III. Photographs and views of wells, etc. 

(a) At Woonsocket, S. D. 

(b) The same, another view. 

(0) Boring machinery for deep wells. 
(a) Well at Huron, S. D. ; discharge. 
(e) The same, another view. 

(/) View of gas pressure wells at Florence, Colo. 

(g) In San Luis valley, Colorado; drive or shallow well machinery. 

(h) Well at Battle Mountain, Nev. ^ 

(i) Artesian weU and lake at Tulare, Cal. 

(J) Low pressure wells of southern California. 

rk) Flowing well at Delano, Kern County, Cal. 

(1) Algerian artesian well; in the desert. 

(m) Artesian desert well in Algiers with date palms and distributing ditch. 

Tubalations of the wells and springs reported by the several field 
agents. 

Certain miscellaneons data and information relating to artesian wa- 
ters. 

I have the honor to remain, yonrs, most respectfally, 

RiCHABD J. HiNTON, 

Special Agent in Charge. 
The Honorable Seobbtaby of Agbioulxubb. 




Plowiko AxTwaun Well at Deljuid. KntK Cocntt, CtuFoanu. 
a,sao,000 gollooB eacb 3i hours; 1,73S galloua per minute. 
S. Ei. aS3-5I-l. 



REPORT OF EDWIN S. NETTLETON, SUPERVISING ENGINEER, 
' UNITED STATES IRRIGATION SURVEY. 

£In charge of the field work of investigation.] 



I transmit herewith my report as supervising engineer of the field 
work in connection with th^ artesian- wells investigation. 

After theactmakingappropriation for the investigation was approved, 
considerable time was necessarily spent in organizing the work to be 
done in the field and in the preparation and printing of the necessary 
blanks, so that active duty was not begun in the Dakotas until about 
the 28th of April, and nearly one week later in other parts of the field 
on account of the non arrival of blanks. 

By the terms of the order requiring the work to be finished and the 
reports of the field agents to be in Washington not later than the 24th 
of June (which order was afterwards slightly extended), there were but 
about fifty working days, at most, in which to cover a corntry of about 
1200 miles long by about one-third as wide. This has been done as well 
as it could be with the forces employed. 

The investigation was divided into three branches — the statistical, 
the engineering, and the geological. The statistical is that branch by 
the agency of which the circulars and blank inquiries were distributed, 
and the field agents were charged with the work of sending out these 
blank inquiries and collecting and holding them for the use of the geol- 
ogists, or forwarding them to Washington for compilation as they might 
be ordered. My own duty has been the supervision and direction of 
the work of the field agents and geologists, and the furnishing of the 
geologists such topographic and engineering data as they might require. 
The work of the geological branch consisted of making examinations of 
the outcropping rocks, and the inspection of the records of strata passed 
through by the artesian well borings, by the aid of which they might be 
able to determine the geological hori:;on with a view to ascertain, if 
possible, the existence, limit, and extent of the water-bearing stratum, 
or its non-existence, and to designate where water might possibly be 
found, and where, in all probability, it would be useless to bore for 
artesian water. 

The work of collecting the statistical information was assigned at 
Washington as follows: 

North Dakota to T. S. Underbill ; the eastern portion of South Da- 
kota east of the Missouri Kiver, to S. G. Updike; the western part of 
South Dakota east of the river, to Fred. F. F. B. C/oflBn ; Nebra^ka, 
Kansas, and the Indian Territory west of the ninety seventh meridian 
and one degree of longitude of eastern Colorado, to J. W. Gregory ; New 
Mexico, and Colorado lying east of the foothills of the Hocky Mountains, 
except one degree of longitude of eastern ( 'Olorado, to L. G. Carpenter; 
Texas west of the ninety-seventh meridian, to F. £. Koesler. 

The geological work was assigned as follows: £asteiu Montana, 
North and Sonth Dakota, except the southwestern portion ot South 
jDakota, to G. £• C)alver; the southwestern portion of South Dakota 
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and Wyoming, to O. E* Bailey, who also acted as field 'agent for the 
same territory; Nebraska, to L.'E. Hicks; Kansas and Indian Terri- 
tory, to Robert Hay ; Colorado aud New Mexico, to P. H. Van Diest ; 
Texas, to E. T. Duiiible. Professor Hay was given by the Department 
general charge of all the geological work covered by the investigation, 
and in addition he has report^ on the same data concerning Kansas 
and the Indian Territory. 

The Department was very fortunate in £he selection of the geologists 
as eaqh had formerly made a professional study of the districts assigned 
them. 

Mr. G. E. Culver, professor of geology in the State University at 
Vermillion, S. Dak., has not only made geological examinations 
of large portions of North and South Dakota, but he has, during the 
past two years, investigated the artesian well problem in those States. 

Mr. G. E. Bailey, professor of the School of Mines at Rapid City, S. 
Dak., who was at one time the Territorial geologist for Wyoming, has 
recently made a geological study of a region of country in and about the 
Black Hills, South Dakota. 

Mr. L. E. Hicks, professor of geology in the university at Lincoln, 
Nebr., and geologist for that State, has made a study of the geology of 
Nebraska as well as of the artesian and underground waters. 

Prof. Robert Hay, of Junction City, Kans., has done considerable 
geological work in Kansas for the United States Geological Survey, and 
has also made an economic geological survey of a large portion of that 
State under the direction of the State board' of agriculture. 

Mr. P. H. Van Diest, of Denver, Colo., has not only done a great deal 
of geological work in Colorado and New Mexico, but has studied aud 
written considerably about the artesian well problem in Colorado, 
especially regarding the Denver artesian basin. 

Prof. E. T. Dumble is the present incumbent, of the ofilce of State 
geologist for Texas and has access to the records of said office. 

In inviting these gentlemen to assist in this inquiry, the Department 
has not only secured their services but it has obtaineii from them a vast 
amount of previously acquired knowledge which is of great service to 
this investigation. 

Upon taking the field it very soon became apparent that a topo- 
graphical survey was unnecessary, as it would involve a needless 
expenditure of time and money. The country to be exjimined is trav- 
ersed in all directions by railroads, and the elevations above sea- 
level of all the railway stations could be obtained by very little eftbrt. 
The agents were supplied with aneroid barometers and were instructed 
how to determine the difierence in elevation between the railway stations 
and the wells in their respective neighborhoods, by means of which 
information we shall be able to compare everything to one datum line, 
namely, sea-level. The adoption of this plan has given the geologists 
one point of reference which has been secured without the loss of time 
and expense that would be entailed by a topographical survey. 

By the terms of the act making the appropriation the investigation 
was limited to the area to be covered and the problems to be studied 
and examined. The area designated by the act lies between the ninety- 
seventh meridian and the foot- hills of the Rocky Mountains. The 
problems to be studied are confined to artesian wells and their utility, 
and the extent aud limit of the artesian basin within this area. 

It was decided to keep strictly within the requirements of the act, 
but the agents and others were instructed to keep their eyes and ears 
open and to make notes (without expense or loss of time) of other 
sources of water supply, A large amount of iuformntiou has, in thia 
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wskjj been obtained and will appear in a supplemental re]>ort in which 
it is proposed to assemble the data collected concerniDg the existence 
and methods of utilizing other subterranean waters which are not 
artesian in their character. ^ 

One of the most important questions for the use of the geologists was 
No. 9 of the first circular on artesian wells;* yet the answers to that 
question were the most unsatisfactory of all the others, lu a majority 
of cases the total depth was the only record kept of the well, and that 
was many times uncertain, as we have cause to believe from the con- 
flicting statements, and the same remark will apply to the size of the 
casing towards the bottom of the wells. The pressure of the wells was 
jjenerally observed by the agents and geologists by the aid of pressure 
gauges furnished by the Department. The x)ressure given is in pounds 
per square inch generally when the flow was shut off. 

Tlie flow of the larger wells was generally measured by passing the 
water over a weir. The flow of many of the smaller wells was estimated. 

The investigation shows the existence of an artesian basin in the 
Dakotas, known as the James River Valley Basin, which is tapped by 
aboat one hundred and forty wells scattered over a territory four hun- 
dred miles or more in length from north to south, and from forty to 
fifty miles in width. In this area the present flowing wells in North 
aud South Dakota are confine<l. Failures to find flowing water by 
rock-boretl wells have occurred along the eastern line of this valley. 
This hue, or the dividing line between the James River and the Bed 
fiiver of the North* probably marks the eastern boundary of this great 
basin. West of this line, in the Dakotas, borings for artesian waters 
have been successful when made deep enough to penetrate the water- 
bearing stratum — the Dakota sand rock. This sand rock, which under- 
lies the James River Valley, is composed of a very soft, porous, whitish 
sand of unknown thickness. It has been penetrated 80 feet wirh a drill 
without rea^ihing its lower bed. It is so soft that the drill penetrates 
it in many localities by its own weight. It lies from 600 to 1,800 feet 
below the surface of the country. The records of the wells show that 
this water-bearing rock dips to the north. On a line from Yankton, in 
the extreme southern part of South Dakota, to Devil's Lake, in the 
northern part of North Dakota — which is 15 degrees west from north — 
the dip is 830 feet, being about 2,^^ feet per mile, while the surface dips 
in a contrary direction on an average of eight-tenths feet per mile. 
The pressure at the top of the wells ranges from 20 to 167 pounds per 
square inch. The area of greatest pressure in this basin, as has been 
determined from existing wells, lies in the central portion of South 
Dakota. The greatest pressure in the water-bearing stratum is near 
Jamestown, in Stutsman County. One of the problems to be solved in 
connection with this artesian basin is to determine, if possible, the loca- 
tion and true origin of its supply as well as the nature of the under- 
ground water course from its source to the valley of the James River, 
^nrface indications and outcroppings suggest that the supply comes 
from the west. There is no gathering ground of sufficient extent or 
elevation in any other direction to produce the conditions that exist in 
this basin. The fact that the flow and pressure of the wells, that have 
l)een in constant activity for nearly five years, have not diminished, 
leads ns to predict that a great many more wells can be put down in 
^his basin without any serious reduction of pressure or flow. 

* Circular No. 1, relating to artesian wells, wiU be fouud in Exhibit *'A/' following 
the leport of the Oeneral Geologist. 

S. Ex. 222 3 
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try will, in due time, be served witb a more eqnitable distribation of 
the rain-falU as has been the casein the coautry adjoining it on the 
east, but there is no question of the needs of the people at the present 
time. Congress but recently made an appropriation for carrying on an 
irrigation survey to develop, for the benefit of the people, the country 
further west and near the mountains, but the benefits of that appro- 
l)riation have not reached this people. They must receive their water 
supply i'rora different sources, and the problems for obtaining this sop- 
ply are very different from those adjacent to the mountain regions. 

Tiic following are some of the most important things brought to no- 
tice during this investigation : 

(1) The existeiice of a large artesian basin in the Dakotas which is 
indicated by the number of flowing wells scattered over an area of 
about 12,000 square miles. 

(2) The presence of an abandant sapply of watibr in a loose sand 
stratum of great thickness and subjected to great pressure, which is 
fully maintained after being pierced by numerous wells flowing their 
full capacity for years. 

(3) The probability of an extension of this basin to westward. or a 
considerable distance from the James River Valley developments and 
having similar characteristics. 

(4) The probable existence of an artesian basin in Texas similar to 
that in the Dakot^, and of unknown area, but lying at a greater depth 
from the surface. 

(5) The existence of several artesian basins in other parts of the 
country examined, which have similar flows, from which water is ob- 
tained in sufiScient quantities for domestic use, and, in some instances, 
for the irrigation of small areas. 

(6) The existence of two artesian basins lying in the drift where 
flowing water for domestic use and for irrigation is obtained at a very 
low cost. 

(7) The necessity of irrigation to prevent total loss of crops, at times, 
and for their full development nearly every year. 

(8) The existence of large supplies of subterranean waters underly- 
ing ([uite generally the whole territory examined. 

, (9) The lack of knowledge of the majority of the people of the meth- 
ods for utilizing the artesian well and underground waters for irrigation 
purposes. 

(10) The need of a closer and more extended geological examination 
to designate, as near as possible, where it is probable that water may 
or may not be obtained. 

(11) The necessity of verifying by test experimental work some of 
the conclusions of the geologists. 

(12) The necessity of investigating the subject of utilizing the sub- 
terranean waters and the extent of country which can be reclaimed by 
t liem and to report on methods for bringing such waters to the surface 
and the cost therefor. 

It is .unnecessary for me to go into details of the information gained 
by means of this investigation. 

The several reports of the agents and geologists will, I trust, fur- 
nish you with these. 

Had the time for organizing and carrying on this investigation been 
even a few days longer, the information gathered and the work per- 
formed would have been greatly increased. 

Edwin S. ^NTettleton, 

Supervising Engineer^ 

The HONOSABLB SECBETABT of AGBICULTUItSt 
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REPORT OF PROF. ROBERT HAY, F.G.S. A., GENERAL FIELD 
GEOLOGIST OF THE ARTESIAN WELLS INVESTIGATION. 



In the short time allowed to this preliminary investigation the rela- 
tion of artesian wells to irrigation, in the region from the ninety-seventh 
meridian, to the ibot-hills of the Eocky Mountains has been examined 
by seeking answers to the following questions : 

(1) In the region under examination are there any artesian wells now 
used for irrigation t 

(2) If so, are the wells so used in groups or isolated I 

(3) Are any of the wells available for irrigation to a larger extent 
than at present t 

(4) Can the areas in which existing wells are found be defined and 
their geologic conditions determined ? 

(5) Are there other areas whose conditions are similar where artesian 
water may probably or possibly be found ! 

(6) Ma3' the areas already known be expected to yield more water 
with farther exploration t 

(7) In what way are che phenomena of springs and the subflow of 
river valleys rehited to the conditions of artesian wells, and are the 
springs and subtiows available for irrigation I 

The first three of these questions are answered very briefly, and may 
be disposed of in a single sentence. There are many groups of artesian 
wells in the region examined whose waters are largely available for 
irrigation, being, to some extent, now so used and capable of consider- 
able development in that direction. 

These groups may be described geographically as follows: 

(1) The wells of the Red Kiver Valley in northeastern North Dakota. 

{2) The wells of the James River Valley in the two Dakotas (North 
and South). 

(S) The wells of the Yellowstone Valley at Miles City, Mont. 

(4) The shallow wells in the drift formation on the eastern side of 
the two Dakotas. 

(5) The wells of northern Nebraska. 

(G) Four groups of wells in southwestern Kansas. 

(7) The wells of the La Pondre, Denver, and Pueblo basins in Colo- 
rado. 

(8) The Fort Worth and Waco groups in Texas. 

(9) The wells of New Mexico. 

(10) The wells of Wyoming. 

No. 9 represents attempts, rather than successful artesian wells. Ont* 
reiilly flowing well at Las Vegas was closed off because the boring was 
wanted for other purposes. One at fc?anta F6 did not quite rise to the 

n 
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The others are all gronps of flowing wells. The aggregate number 
of wells isaboat one thousand four hundred. Some have flowed undimin- 
ished for years, but from various causes between three and four hundred 
now only yield water to the pump. This is notably the case at Fort 
Worth and Denver, where the cause of the failure to flow is the great 
number of wells in a limited area. This fact points to the necessity of 
local legislation in the districts where artesian water is abundant to 
prevent the too great propinquity of wells whose water is expected to 
be used for irrigation. 

The writer has seen some of the wells in every group mentioned above, 
except No. 10, has tested the pressure of some of the largest, and 
measured the flow of many, both large and small. He has examined 
the drill record of some of the wells in nearly all the regions natned, 
and has been able to come in many cases to definite conclusions as to 
the source of the waters and the other geologic conditions, and also to 
notice the relation that these have to the springs and water-courses of 
the different districts. 

It will be proper here to state that though the writer has visited the 
several districts referred to above, yet be only gives as his own the state- 
ment of Ifacts and conclusions that relate to western Kansas and neigh- 
boring parts of Colorado and Nebraska, and a small district in Montana. 
It is a pleasure to say that he has had coadjutors in the geologists of 
the several States, with whom he has been proud to work and on whose 
ability he relies for the expression of the facts in the several districts to 
which they have devoted their attention. The reports of Prof. P. H. 
Van Diest, for Colorado and New Mexico; Prof. L. B. Hicks, for Ne- 
braska; Prof. G. E. Culver, for the two Dakotas east of the Missouri 
Elver, and Prof. G. E. Bailey, for the Black Hills region of South Da- 
kota and adjoining parts of Wyoming, and the detailed information 
they contain, with the illustrative diagrams and maps, must be taken 
as the basis of this mere generalized statement for their respective 
regions. These reports are hereto appended, and respectfully com- 
mended to your attention. 

Without further specific reference to the queries that remain to be 
answered we may now discuss the facts on which their answer depends. 

The most important, perhaps, of the groups of artesian wells previ- 
ously enumerated is that of the James River Valley of the two Da- 
kotas. This group stands first because of— 

(a) Its large area and x)resent large number of wells — nearly 20,000 
square miles, and about one hundred and fifty wells. 

(/>) The great pressure and copious flow of all the wells already 
bored — pressures from 60 to 153 pounds to the square inch, and many 
flows over 1,000 gallons per minute and one nearly 3,000. 

(e) The immediate availability of many of them for irrigation, some 
being now so used. 

{d} The probable large increase in the number of the wells without 
diminution of the flow. 

The James lliver Valley, though somewhat closely corresponding 
with the present known limits of this artesian district, is not connected 
with it in the direct way of cause, and probably does not limit the area 
of the real artesian trough, which is a deeply seated synclinal fold, 
whose axis is approximately north and south, and whose eastern edge 
is hidden in eastern Dakota by later accumulations of the drift period, 
and whose western rim is upturned on the eastern flanks of the Black 
Hills and the more distant mountains of the Upper Missouri. 

The water-bearing rock, from which the fountains burst with such 
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force when tbeir cover is penetrated by tlie drill in the James River 
district, is a loose sandstoniB, or series of sandstones, belonging to the 
lower Cretaceoas period, and known as the Dakota group. The outcrop 
on the sides of the western mountains is several thousand feet higher 
than in middle Dakota, and receiving there considerable rain-fall, the 
sandstones pass the water through their porons substance, and as they 
proceed east they are covered to a thickness of over 1,000 feet — in places 
2,000 — with s^iales and other later cretaceous beds, more or less im- 
pervioas, and which hold the water down in the Dakota sandstones. 
Professor Culver believes that he makes out, from the records of the 
wells which he has studied, that these impervious beds overlap the 
pervious sandstones to the east, and thus seal in the waters at the low 
eastern edge of the artesian trough, and so prevent their escape. On 
the southeast boundary of the region this overlap does not take place« 
The sandstones are exposed by the erosion of the upper beds, and the 
waters do escape in springs on the Iowa frontier, and the pressure in 
the wells at Yankton and Vermillion is much less than farther up the 
James. 

The source of snpply of the waters being so far west, and at such an 
altitude as the western mountains, and the intervening space so well 
covered by impervious beds, it would appear that artesian water should 
be had from the same Dakota sandstones much farther to the west and 
northwest than has yet been tested. On the other hand, the thickness of 
the latter deposits in that region is snch that it will be costly to reach the 
main water-bearing rock. Professor Bailey, however, points out that 
in part of the Oreat Sioux Keservation that is open to settlement the 
erosion along the valleys has been so much that the Dakota sandstones 
may be reached probably at less depths than in the northern part of 
the James Valley. This may also be true in valleys north and west of 
Bismarek, into Montana. * 

It should be noted that existing wells have their water highly miner- 
alized. The deepest most so, but not uniformly in the order of their 
depth, ^one so far are mineralized to the extent that they would in- 
iare vegetation. 

Before leaving the consideration of this group of wells it should be 
remarked that the outcrop of the Dakota formations on the western 
mountain slopes is succeeded westerly by the outcrop of rocks of a much 
less pervious character — the Jura-Triass — from whose surface the waters 
ran off* largely to the exposed Dakota sandstones, which are also under- 
lain by the same Jura-Triass, which helps them to retain the water and 
convey it eastward. How far east these Juro-Triassic rocks extend is 
not known, but they do not seem to be present at the eastern boundary 
of the district, but apparently their place is taken by metamorphosed 
heds whose hardness and texture give the same quality of impermea- 
hility. Drillers call them granite, but it is not probable that real granite 
is here except in limited areas. 

It is interesting to note that on the western side of the Black Hills, 
in Wyoming, the Dakota sandstones yield flowing wells of salt water, 
with a considerable amount of oil, and that natural gas is also present. 

In southwest Kansas, and just over the line in Colorado, in the Ar- 
kansas Valley, there is a group of artesian wells which, at a depth of 
less than 300 feet, derive their waters from the Dakota sandstones. 
These sandstones outcrop in middle Kansas and eastern Nebraska along 
ahne running from east of north to west of south, and give evidence of 
their water-bearing capacity, but there are reasons for believing that 
they do noir get their supply in these States from the exposure in the 
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foot-hills of the Bocky Moantains. One reason is that, in that part of 
the toot- hills corresponding in latitude with southern Nebraska and part 
of Kansas, the Dakota sandstones in their western exposure, are, to 
some-extent, themselves metamorphosed into quartzite and lose their 
permeable quality, thus hindering them from absorbing as much of the 
rain>fall as they otherwise would. Another reason is found in the fact 
that the wells referred to in Kansas (near CooHdge) do not have suffi- 
cient pressure to lift the waters more than 20 or 30 feet, and neighbor- 
ing high prairie is 200 feet above them. The source of these wells is 
probably in local breaks in superincumbent strata not far to the west, 
or even in outcrops which occur some miles south. 

A well at Syracuse, 16 miles east of Coolidge, penetrated the same beds 
but did not obtain water that came to the surface, though it rose con- 
siderably in the tube. It is the opinion of Professor Hicks and Pro- 
fessor Bailey that northern Nebraska may really have an extension of 
artesian conditions from southern Dakota and be part of the James 
Elver district. This is probable, as the source of the waters would be 
the southeast flank of the Black Hills where metaniorphism of the Da- 
kota formations does not exist For the rest of Nebraska, with western 
Kansas and part of Colorado, it is. only to be expected that artesian 
waters will be found coming from the Dakota sandstones in limited 
areas where the local conditions may be as favorable as at Coolidge. 
Such areas will probably be found in the region indicated, but the Gov- 
ernment experiments made nine years ago at Cheyenne Wells and 
Akron, do not encourage this view, but a second well recently sunk at 
Sichfield, in Morton County, with a moderate flow seems to be in the 
Dakota formation. It is not as deep as another well at that place. 

In the eastern part of both Dakotas there are a number of wells of 
much less depth than those described above which we have given as 
group No. 4. They obtain their water injgravels and sands in what is 
known as the Glacial Drift, a sheet of whl^h, from 15 or 20 to 200 feet 
thick, overspreads the Dakotas east of the Missouri and stretches into 
Iowa and all over several other States. Where the gravels are covered 
by beds of clay, as is very frequently the case, the piercing of the clays 
by the drill allows a flow of artesian water, not very strong, but locally 
abundant and of good quality. It is less mineralized and cooler than 
the water of the deep wells. The wells may be multiplied and utilized 
to a much greater extent than at present. 

The rivers issuing from the mountains to the plains — the Platte, the 
Fountain, and the Arkansas — are all used for irrigation, but the dis- 
tricts through which they flow outside the foot-hills are also supplied 
with artesian waters. The geologic structure of at least a part of this 
region is well understood, and the wells, of which there are over three 
hundred, in and around the city of Denver, are said to be in the Den- 
ver Basin. The section of this basin given in the report of Professor 
Van Diest will repay study. It represents what may be called the 
ideal conditions for obtaining artesian water, though a section made in 
a direction at right angles to this would show that the ideal conditions 
do not exist all round. This section shows that these wells receive their 
water from formations much newer than the Dakota sandstones. 

They are in beds of Tertiary age, only a few reaching down into the 
highest Cretaceous or transition beds known as the Laramie formations. 
There is abundance of water derived from the upturned exposure of 
these beds on the flanks of the mountains. But the multiplica.tion of 
wells in the city of Denvo.r, where any man bores where it pleaseth him, 
has reduced the head of water so that very few of the wells are now 
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flowing wells; but the pamps wbich have succeeded the natural flow 
have given no indication of redaction in the quantity of water. Some 
wells outside the city are used on a small scale for irrigating, and others 
for dairy purposes on farms irrigated by the waters of the Platte. For 
the det^^ils of the other basins haviiig wells Professor Van Diest's and 
the field agents' reports must be referred to. 

In New Mexico, at Santa F6, at Las Graces, and other places there 
are stratified beds upturned in the foot-hills of the mpuntains, which 
suggests the possibility of other basins as complete as those at Denver 
or Pueblo. Near Santa F^, in a boring already made, the w^ter rose 
considerably, but not to the surface. It is possible that another loca- 
tion, not very far away, would give better results. But the whole re- 
gion needs further investigation. 

There is a group of wells yielding a considerable amount of water at 
Fort Worth, Tex., but the same thing has occurred as at Denver. There 
are too many in the area, and the force of the water has diminished, 
so that only three or four out of two hundred and forty are'now flowing. 
At Waco is another group of strong wells. These are comparable wi th 
the Dakota wells, one having a flow of nearly 1,000 gallons per minute 
and a pressure of sixty pounds per square inch. The records of the drill- 
ing of these wells and the surroundings have not been suificiently 
studied to indicate precisely the geologic age of the water-bearing beds 
and their probable continuity beyond the limited arears now proved, 
and this is one of the things to be observed if this investigation is con- 
tinued. 

In southwestern Kansas there is a group of artesian wells in the up- 
per valley of Crooked Creek, northeast from Meade Centre, There are 
about eighty wells with flows varying from 2 to 3 gallons per minute to 
between 60 and 70 gallons. 

Every farm has one ; some farms have several. The writer, who has been in tbe 
district twice since they beean to be bored, has seen twenty, and measured tbe flow 
of eight. Mr. B. F. Cox has two wells, and was the first to find artesian water. 
His place is NE. J of Sec. 5, T. 31, R. 27 W. One well is 175 feet deep, the other 112 
feet. They seem to flow about eqaal quantities. The measure of both in a uuifcd 
channel at some distance from the wells gave 18 gallons per minute. Mr. Cox ini- 
f^ates with this about 4 acres of land, and beuides supplies a large carp pond. He 
says, with care it would be sufficieut for the irrigation of 10 acres. Other wells hvo 
on contiguous farms. The following is a list of those whose flow was measured : 



Kame of owner. 



GeoTRe Edwards 

Do 

Do 

I. A.MarU 

I?. Bowers 

(Hirer Norman /. 

BwF.Cox 

Do 



Depth. 


Flow i>6i- 
minute. 


Fut 


QaUmis. 


155 


36 


165 


.12.4 


185 


'20.6 


HO 


66.6 


126 


37.3 


127 


37.3 


175 • 
1425 


18 



The W(*ll of Mr. Marts is the largest in the district, but there are quite a number 
not here given that have a flow between those of Cox and Norman, and there aro a 
lari;er number still that flow from 6 gallons down to 1 gallon per minute. Mr. Cox'h 
wells are almost the furthest up the valley, and are well up on the side of the hillM. 
Those that are lower — as Messrs. Bowers and Norman — have a flow that would rise 
from If) to 20 feet above the surface. None are so strong as t-o rise to the level of tbo 
ocighboring high prairie. The wells at lower levels than those in the table are of 
!««« depth, the smallest depths being about 50 or tO feet. The water from all thene 
wolls is clear and soft, and some of the stronger ones bring up a little coarse sand that 
ibovs their origin. Many of the wells are used for irrigation, but none to its full ca- 
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Sacity, and most of the water runs to waste after filling oattle-trongbs and pools, 
[r. Norman, as well as Mr. Cos, has a oarp pond, and the fish thrive wonderluUy. 
Jnst lower than the lowest wells of the district is or rather was a strong spring 
coming oat below a clay bank 10 or 15 feet high. It, broaght op a fine sand which 
when stirred up with a pole emits a pecnliar sonnd somewhat like that beard when 
bending the so-called flexible standstone. With the exception of a very small one 
several miles away, there are no artesian wells lower down the valley of Crooked 
Creek than this spring. The spring has less flow or is choked up sinctt the wells have 
been bored. 

The subsoil in all the region of the wells is a peculiar soft, blnish, patty like clay, 
or gumbo. It is not the best of soil for irrigating, but as it reaches down to the sand 
ana gravel containing the water, it is a prime cause of the artesian flows. It is a 
tboronghly impervions covering, which when broken by tlie drill permits immediate 
outburst of the confined subterranean water. The sand or gravel in which the wa er 
is obtained is manifestly a broken-up form of the Tertiary grit and the source of the 
water is not far to see, as the grit outcrops on the edge of the high prairie for some 
miles, and can absorb all the rain-fall. 

The wells of this region have thns been described and their water 
traced to its source, not because of the areal importance or the quan- 
tity of the flow, but because of the origin in the Tertiary grit, and the 
fact that the description given was written a year ago and there is no 
diminution of their flow and the wells have been increased in number. 

In the same county, farther to the southwest, is a creek whose waters 
have perennial flow, being supplied from springs which issue from the 
same Tertiary grit. A portion of the waters of this creek is being used 
to irrigate 400 acres of land, and if all were used 1,000 acres could be 
served. I have thus described the Tertiary grit: 

The term grit is descriptive of this formation everywhere, yet it is of varying con- 
stitntign. In places it incloses a fine powder, but the powder is largely siliceous, is « 
useful as a polishing powder, and appears to be volcanic in its oriffin — wind-blown 
volcanic glass from the Tertiary centers of eruption in the west. Elsewhere the grit 
is an aggregation of sand and lime, which we call its mortar-like form. Again the 
lime exceeds the sand in quantity, and it is sufficiently fine to be used for inside 
plastering. Then we have the mortar form, inclosing abundant pebbles, quartz, 
feldspar, diorite, greenstone (hornblende), and more rarely granite with other igneous 
rocks. Then the limy matrix almost disappears, and we have a heavy couglomerate 
of water-worn pebbles of the rocks above mentioned, with jasper, quartzitu, and 
agate from the size of a nut to that of a large apple. Sometimes also there is a bone 
or a piece of completely silicified wood. The mortar-like form often hardens into a 
building stone, and its softer beds contain hard, tough nodules like indurated — not 
silicified — chalk. The conglomerate form changes at times into beds of a fair quality 
of sandstone. In some places it shows as a hardened bed of gravel, with well-marked 
cross-bedding. The mortar like form is often a fossil bed, yielding bones of masto- 
don, AphelopSf and turtle. There are in many places root-like concretions penetrat- 
ing the softer forms of the grit, and where these softer forms are of considerable 
tnickness — they attain in places a depth of 15 to 20 feet— they are characterized by 
harder ledges at intervals of from 2 to 3 feet, which give very bold forms in weather- 
ing. The conglomerate is also manifested in abrupt breaks and rocky ledges. 

In the Arkansas Valley the conglomerate of the grit is mainly composed of pebbles 
of dark red feldspar. This is so marked a feature that its exposures, covered with 
the loose pebbles, can be recognized at long distances by their ruddy glow \m the sun. 
In the valley of the Cimarr^i and in counties farther east the conglomerate is more 
often composed of quartz pebbles and pale feldspar, giving a whitish or grayish tint 
to the exposures. In several well-marked instances I found the mortar form and the 
conglomerate together, indicating that they are not, as I had at first supposed, local 
variations of synchronous deposits. I found the mortar form below the conglomerate, 
the lormer having in those places its usual scant supply of pebbles. Rocky Point, a 
bold ledge of the conglomerate 5 miles west of Dodge City, gave this Juxtaposition 
of the two forms, the mortar form showing only on the eastern or lower slope of the 
point, and disappearing under the conglomerate. Elsewhere I found the mortar 
form embedding not only the pebbles of igneous rock, but also pebbles, both water- 
worn and angular, of the Cretaceous rocks of the region, these fragments being more 
or less silicified. A small patch of white sandstone, of which there were several 
near in Harper County (Sec. 5, T. 32, R. 5 west), had similar relation to the underly- 
ing red rock (Jura-Trias). The red rock, a nodular clay, shades upward into the 
sandstone, the intermediate part being a conglomerate of quartz pebbles in a pasty 
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matrix of tbe red rook material. The sandstone itself has some pebbles of smaller 
sise, and in the conglomerate the larger pebbles are below, and the least amount of 
the coloring matter— the pasty matriz— above. At another, '* Rocky Point/' on the 
Cimairon, in Morton County, the grit lies on the Dakota sandstoaes, and great 
erosions of prerions epochs are well illnstrated by the difference of the formations 
on which the grit rests. 

This description of the Tertiary grit is that of a formation by no means 
confined to Kansas. While it is found in at least 20,000 square miles 
of that State, it is also conspicuous in an equal area of eastern Colorado, 
a larger area of western Nebraska, and in similar areas of New Mexico 
and Texas. Its character for holding water is continuous through all 
that region. On the level prairie it is covered up by what we have 
called Tertiary marl, a loess-hke deposit not altogether impervious to 
water, but so much so in most of its area to hold down the accumulated 
waters in the grit. The marl varies from 20 or 30 to 200 feet in thick- 
ness, and the grit from 20 to 100. Through all this region tbe high 
prairie wells are sunk through the marl and find abundance of water in 
the grit. Neither steam nor wind pumps reduce their supply. The 
conditions in Meade County, Kans., which result in an artesian supply 
of water, are strictly local, but it is quite possible, even probable, that 
there may be many repetitions of these local conditions in this vast 
region. 

Farther, all the numerous springs of the region are from this grit, 
and many of them may be tapped above their present outlet and their 
waters made available for extensive irrigation. All the rivers of the 
plains, as distinguished from those whose sources are in the mountains, 
have their origin in the superabounding waters of the Tertiary grit. 
This is true of the Republican, the Arickaree, the Smoky, the (Solomon, 
the Prairie Dog, the Saline, the Cimarron, and numerous others, whose 
beds are merely storm-used arroyos till they have cut below the grit, 
and then their channels have perennial streams, except where hidden 
in sand, which is largely the d6bris of the grit. In Wallace County, 
Eans., tbe first permanent water of the Smoky, just below the em- 
bouchure of such a spring-fed affluent, has been used for irrigation 
since 1873. Professor Hicks regards the development of the water in 
this Tertiary formation as a controlling factor in the development of 
the resources of western Nebraska. Professor Bailey suggests similar 
conditions in Wyoming. And this is largely true from the Pecos to 
the Platte. 

The methods of this development will be various. The water of 
springs and rivers may be raised high enongh for useful amounts of ir- 
rigation by various forms of water-lifts, horse- power, and the wind-pump. 
The last of these will certainly play an important part, and the people 
shoald be made acquainted with its best form. Urban communities, 
even small ones, in parts of the region not far from coal, will find it 
cheap to use steam to raise this water. This is already exemplified at 
some of the railway towns in eastern Colorado. 

There are other artesian wells in Kansas. One at Lamed has the 
largest flow in the State, nearly 300 gallops per minute. It is not avail- 
able for irrigation because of its highly mineralized condition, which, 
however, gives the water a medical value, which is being utilized. A 
similar well at Oreat Bend has a flow of about 400 gallons per hour. 
There is a still smaller one near the Colorado line, in Morton County, 
which would be available for irrigation, only that its flow is slightly less 
than that at Great Bend. 

These wells all have their water in the Triassic strata or ^'red beds.^ 
There are strong reasons for believing that the flow at Richfield; Mor- 
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ton County, is uot due to the hydrostatic pressure to which we attribute 
the usual flow of artesian wells. It may also be so at Great Bend, but 
the great How at Larned must have the usual cause of artesian supply^ 
but where the supply of water is to be found is not certain. It is pos- 
sible that its position in the bottom of the syncliual trough of the for- 
mations may have to do with it, and it is not improbable that the 
water may find its way from the surface through cracks and fissures in 
the strata beneath some of the remarkable drainage areas to the west, 
which have no visible outlet. 

A group'of from 20 to 30 wells, of flow varying from 1 or 2 to 15 and 
20 gallons per minute, at Miles City, in the Yellowstone Valley, in Mon- 
tana, deserves brief notice. They are useful for irrigation of gardens 
and lawns, for domestic purposes, and watering cattle. The water is ob- 
tained from close sandy beds of the Laramie formation. Their exist- 
ence warrants the belief that others may be found in the large region 
where the Laramie is developed to a great thickness, and the uplift of 
the strata towards the mountains would suggest, with the close-grained 
character of the beds, tliat the supply may be perpetual. 

The observed facts then show that there are artesian wells in the sub- 
arid region investigated i?i formations of very diii'erent geologic age. 
In descending order they are : 

The Glacial Drift. 

The Tertiary formations. 

The Laramie. 

The Dakota sandstone. 

The Triassic " red beds." 

The diagram (Fig. I) is easily understood by the legend. It repre- 
sents at A the ideal conditions of an artesian well. 

Fig. II shows ho w at A 2 a failure to flow would be caused by a breach 
of continuity of the lower impervious stratum. 

The form of breach of continuity may be very difTerent from that 
suggested by the diagram. It may be in the form of change of text- 
ure. For example, a bed of clay shale may gradually pass into a bed 
of sandy shale and from that to sandstone — that would be a virtual con- 
tinuation downwards of the water-bearing stratum downwards — aiid so 
the water mightbediffused to great depths. Again a breach of continuity 
may occur in the water-bearing stratum itself, sandstone may become 
sandy shale and pass into clay shale, and so stop horizontal distribution 
of the water. Again the breach of continuity may occur in the upper 
impervious layer, when great dift'usion of water will take place in the 
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surface strata. There will be au abumlaut supply in wells but no press- 
ure. Lack of continuity of rightly conilitioiiod strata may, therefore, 
cause failure of artesiau supply wheu there is nothing in sight to sug- 
gest failure, and it may be perfectly itnpoissible to locate tlie cause. 

Fig. Ill represents in western Kansas, and nei^jhboring parts of Col- 
orado and Nebraska, the probable arrangement of the strata. It shows 
also the way in which the valleys have cut into the formations. The 
Tertiary (niioceiie) grit is seen of irregular thickness, and is occasionally 
missing. Where it is exposed on the sloi»e8 of valleys it has springs as 
previously described. The direction of the section is north and south 
und so does not show the dip, to which it is nearly transverse. 

It is just possible that the permo- carboniferous does not underlie 
wutlieast Colorado, nor the Trias underlie ^^ebraska, but the higher 
beds seem to underlie all the plains reKi""i and farther northwest some 
higher taretaceous beds are found also beneath the Tertiaries. 
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The Tertiary marl is the smooth oovering of the plains region. It 
shades off into the deposit known in eastern Nebraska and Iowa as 
Loess, bat in southern Kansas it is very distinct from that formation. 
It everywhere holds down the waters of the Tertiary grit and shading 
down into it the water is ofien said to be in the bottom of the marl. 

With these diagrams, and those of the several geologists, it is be- 
lieved that the artesian problem and that of the water supply of the 
plains generally may be andei*stood. 

From the foregoing statements it will be seen that — 

It is qaite possible, and in some of the cases highly probable, that 
known artesian areas will be greatly extended by farther exploitation. 

it is certain that some of the areas as already defined may have 
many more wells than now exist without reducing the sapply of water. 

The diminished supply, or rscther the loss of force* to the extent of 
wells ceasing to flow, at Fort Worth, in Texa8, and at Denver, Colo., is 
a warning that should operate to prevent the clustering of wells too 
closely together, even where there is an ample supply of water. 

The phenomena of springs, which may be defined as natural artesian 
wells, form a necessary part of the things to be examined in such an 
investigation as the present, as they suggest limits within which arti- 
ficial artesian wells can scarcely be expected, besides the fact that such 
examination of springs may lead to their utilization in irrigation. 

The sandy nature of formations which in a large part of the plains 
region are noted for their water-bearing capacity is the main cause of 
the conditions which allow some of the river valleys to have m subflow 
of water equal to or perhaps greater than that of the visible streams. 
The conditions of hydrostatic pressure under which the subflows exist 
suggest that their phenomena are directly related to those of artesian 
wells and springs, <aud may properly be investigated with them. 

In this re])ort but scant attention has been given to New Mexico and 
little to Texas. The circumstances of the investigation have made it 
scarcely possible to do otherwise. The report of Professor Duuible, 
which, as State geologist of Texas, he made directly to the Secretary, 
on what may be called the artesian geology of his State, though brief 
and not expounding the phenomena of the known artesian areas, shows 
that there is high probability of considerable extension or repetition of 
those areas, and the reports of the able field agent, Mr. Roesler, give a 
mass of material and summing up in connection therewith which will 
much simplify future investigation. In New Mexico the possibilities 
made known may become probabilities under further research, and in 
both this Territory and Texas comparatively small supplies of water 
will go far in the raising of the semi-tropical products of the region. 

There is an important scientific question which, when answered, will 
have a great economic value, upon which some of the data acquired in 
this investigation will have direct bearing. It is, what is the rate of' 
percolation of waters through subterranean rocks at various depths 
and of difierent petrographic texture I In the large area of the James 
Biver district the deep seated Dakota sandstones form a supersaturated 
bed which is an actual reservoir situated a great distance from its 
source of supply. A large number of wells will have to be running a 
great many years before the reservoir will be so lowered as to produce 
any phenomena that will indicate in any way the velocity from the out- 
crop to the well. But in the Denver basin a large number of wells 
have been running for such a length of time as to reduce the head of 
water, and the nearness of the outcrop of the water-bearing rocks of the 
basin is such as to supply some evidence as to the n^te of percolation. 
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The excellent report of Professor Carpenter gives the records of the 
variations of two intermittent wells at Denver whose variability seems 
directly traceable to variations in rain and snow fall of the neighboring 
monntains. Observations on the subject have recently been collated 
iu England, bat th^ results obtained are yet only distant approxima- 
tions to verities which, when accurately known, will be of great value. 
It is pointed out in another report that irrigation from artesian wells 
or other subterranean waters will always possess a value, due to the 
distance from the outcrop and slowness of thb percolation, which does 
not attach to irrigation from surface waters. It is this, that it is not 
likely to fail in a dry season, as the effects of the dry season will prob- 
ably not be felt on the wells for one or two seasons thereafter. It is 
probable that in wells very distant from the outcrop of the water-bear- 
ing strata there will never be any variation due to seasonal variation 
of rainfall, as the character of the percolation may establish a constant 
instead of variable outflow, even e^ the flow of blood in the veins of 
the body is a steady stream notwithstanding that that of the arteries 
is a movement of pulsations. 

Besides the geologists the writer has been personally associated with 
all the field agents, and has received from them valuable assistance, 
and in travels of about 13,000 miles he was closely associated in more 
than half the journey with Col. E. S. Nettleton, the supervising engineer, 
to whose ability and kindly co-operation the success of the work is largely 
dae. The arduousness of the work in the field was so incessant as to 
frequently strain the physical ability to perform it, but the encourage- 
ment received from time to time from the Department at Washington^ 
through the special agent in charge (Mr. R. J. Hinton), was such as to 
stimulate to the use of my best efiTorts, which were given throughout 
the whole period. 

The work done, it is hoped, will meet with your approbation, and in 
that hope this report is respectfully submitted. 
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Exhibit A. 



U. S. Department of Agriculture, 
Artesian Well Investigation, 

WMhington, D. C, April 21, 1890. 
Mr. , 



artesian wells. 

1. Name of well, . 

2. P. O. address of owneri , County , State of 



Dear Sir : Porsaant to an act of Congress approved April 4, 1890, which requires 
the Department of Agriculture to make certain preliminary investigations concerning 
the character and location of artesian wells within the area embraced between the 
97th meridian west longitude and the foot-hills of the Rocky Mount^ains. you are re- 
spectfully requested to fill out this blank with as full and accurate information as 
yoo can command, and return the same as soon as you can conveniently to the divi- 
sioD field agent in the addressed envelope herewith inclosed. 
Very truly, 

Richard J. Hinton, 

Special Agent in Charge, 



3. Location of well : Section , town , range . 

4. Well was begun — , 18—, and finished — , 18—. 

5. What is the elevation of the top of well above sea level T . If unknowni 

^ve the distance above or below the railroad track at the nearest station, designate 
tojt the railroad and the name of the station. 

6. What is the total depth of well? 

7. What is the total cost of the well, including the tubing and casing? 

8. What was the price paid per foot for different diameters of bores and for differ- 
ent depths f 

9. What was the depth, thickness, character, etc., of the strata penetrated f 

10. What is the flow of the well in gallons per minute when discharging freely or 
▼ith any contraciion of the orifice T (If the well failed to flow, give all particulars 
ref^srding the bore, and state cause for failure to flow if that is known.) 

11. What is the pressure, in pounds, per square iuch, of the water at the top of the 
well when the flow is completely shut ofi'f 

12. What is the pressure, per square inch, when the well is flowing gallons 

per minute f 

IX Has the discharge increased or diminished since the well was first cased in its 
present position ; if so, how much f 

14. Has any sand or other solid matter been brought up with the flowing water f 
If BO, what was its character and amount f 

15. Has the water from the well been analyzed ; if so, give the analysis or state 
where it can be obtained t 

16. For what purpose is the water of this well used f 

17. If used for irrigation, state the amount of land irrigated and its effect on grown 
▼egetation f 

18. Is the well so situated that the water flowing from it can he stored during the 
non-ixTigation season f 

19. W^at is the estimated number of acres that the water flowing from the well 
CAQ be made to serve, taking account of what will be lost by evaporation and peroo- 
Utionf 

20. What is the annual rainfall in the vicinity of the well f 

21. What is the amount of rainfall during the cropping season, say from April 1 to 
September It 

22. Is irrigatiun necessary for a full development and the maturing of crops every 
yesrf If not, what proportion of the years is it necessary f 

23. What is the value of the farming land in your vicinity f 

24. What would be the value of the land if it were provided with means for irri- 
gstionf 

25. What would be a fair price, per acre, for the annual rental of irrigation water 
for common agrionltural purposes? 

26. What would be a fair price for water in perpetuity per acre t 

S. Ex. 22 i • 
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(Enter in oonaecative order in the proper oolamns, in the blank belovr. For a guide as to the form of 

tabulating the record of the well, see specimen record below.] 



Character of strata. 


Thickness 

of each 

foot. 


Depth. ' Remarks. 

1 


K 




• 





GENERAL REMARKS. 



Character of strata. 



1. Black allnvial soil 

2. Anpervions yellow clay 
8. Coarse grarel 

4. Fine sand and gravel. . 

5. Bine slate 

0. Whitish sandstone 

7. Blue limestone 

8. Black slate 

0. Sandstone 

10. Limestone 

11. Black sUte 

12. Sand and qaarta 

13. Sand red 

14. Bine slate 

15. Coarse sand and gravel 

16. Blackslate 



Thickness 


Depth 


of each 


firom sur- 


stratnm. 


face. 


Feet. 


Feet, 


2 


2 


5 


7 


7 


14 


30 


44 


65 


100 





118 


85 


153 


205 


358 


16 


374 


28 


402 


135 


637 


2 


539 


102 


641 


168 


809 


14 


8.3 


5 


828 



Remarks. 



Drove pipe to bed rock 10 diameter. 
Struck sarfaoe at 14 feet. 

Top of bed rock. Bore lOinoh diameter. 

Very soft. 

Small supply of water. 

At 175 reduced bore to 8 inches. 

Mad vein 352 feet. 

Struck water at 300 feet. 



At 538 reduced bore to 6 inchM. 
Very dark i-ed. 

At 810 struck strong; flow fre^ water. 



GENERAL REMAl^KS. 



The well was tested at the 360 feet sapply^ but flow was only 6 gallons per minute 
and no pressare. 

The well is ^ow cased at 825 feet and flows 325 gallons per minute. At first, con- 
siderable fine sand came np with water. 

Water is soft and very clear. 



U. S. Department of Agriculture, 



ARTESIAN WELL INVESTIGATION. 
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[To accompany the general circular ] 
Location of boring. — Xames of ptn-sons who can probably furnish inf^^rmation : 



1. Sec. 



T. 



R. 



Xanie, 



P. O. add pens, 

2. JSi'c. T. R. 



Name, 

P. O. address, 



; Connty, 

I 

• ; County, 



; State, 
■: State, 
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3. Sec T. 

Namoi 



R. 



P. O. address, ; County, 

4. Sec. T. R. . 

Name, — — , 

P. O. address, ; Coaaty, 

5. Sec. T. R. . 

Name, 



; State, 
-; State, 



P. O address, 



; County, 



; State, 



[Please give the same information regarding all important springs or other sabter* 
nmean water flowing to the sorface. ] 



Loeation — oharaeter — names of. persons who can prohahly fumiith ivformaiion. 

R. . 

• ; Coanty, 



1. Sec. T. 

Name, 



P. O. address, 

2. Sec. T. R. 

Name, . 

P. O. address, ; Connty, 

3. Sec. — — T. ^— R. . 

Name,  . 

P. O. address, — ; Connty, 

4. Sec. ^-— T. — — R. — — , 

Name, . 

P. O. addreas, ; Connty, 

5. Sec. T. R. . 

Name, . 

P. O. address,  ; Connty, 

State character, volume, and snch other details as ate obtainable of the said 
water supplies. 
Give yonr own name , 

Post office . 

Connty . 

State . 

Retam this and other blanks inclosed to 



; State, 
; State, - 
; State, - 
; State, 
; State, 



Division Field Agent. 



To 



U. S. Department of Agricolture, 

Artesian Wells Investigation, 
' WasKingtonf D. C. 



Dear Sir: Under an act entitled ''An act to provide for certain most urgent 
deficiencies," etc., approved April 4, 1890, the following investigation had been 
ordered : 

"To authorize the Secretary of Agriculture to make such preliminary investiga- 
tions of an engineering and other character as will, so far as practicable, determine 
the proper location for artesian wells for irrigation purposes within the area west 
of the ninety-seventh meridian and east of the foot nills of the Rocky Mountains, 
twenty thousand dollars; and a report of all operations and expenditures hereunder 
shall be made to Congress immediately after July first, eighteen hundred and ninety: 

^^Provided, That no part of said amount shall be expended in sinking wells or the 
constrnction of irrigation works, and the work done under this appropriation shall 
be completed and a report of the same made within the appropriation, and nothing 
herein shall commit the Government to any plan of irrigation or the couHtruction of 
works therefor." 

Id fartherance of the investigation thus ordered, you are respectfally a^ked to aid 
h^ replying as early as possible to the qnestions accompanying this letter. Please 
give also on the inclosed form the exact location (by section, town>hip, and range, 
when possible) of all borings for water in your vicinity, and of all others known to 
yon within the territory embraced by the ninety-seventh meridian of west longitude 
uidthe foot hills of the Rocky Mountains. State also whether water was obtained 
or not by the borings reported. The Department will be obliged by the receipt of 
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the names and post-office addresses of other intelligent and tmstwort^ persons who 
maj^j in yoor opinion, be able to famish similar detailed information. This blank will 
be inclosed with retnm envelope, both of which will be mailed to yon by the field 
agent for yoor division, to whom retnrns are to be sent. 
Respectfully, 

^1 

Special Agent in charge of Investigation, 



U. S. Department of Agricui.ture, 
Artesian Well Inyestioation, 
Washington, J>. C, April 21, 1890. 

Bear Sir : You are requested to furnish to this Department such information as 
you may possess, concerning all important springs and other subterranean waters 
flowing to the surface in your vicinity or of which you have knowledge. These to 
be located between meridian 97^ of longitude west Irom Greenwich and the foot hills 
of the Rocky Mountains. Such waters coming from subterranean sources may, in a 
strict sense, be artesian in character and of importance as indicating the existence of 
larger supplies. You will oblige by filling up the accompanying olank. therefore, 
wiUi as full and accurate information as you can command and return the same at 
your earliest convenience in the envelope inclosed herewith. This blank is for a 
single record, li yon can fill others please make the fact known to the field agent in 
charge of your division. 
Respectfully, 

Special Agent in Charge. 



U. S. Department of Agriculture, 

Artesian Wells Investigation. 



Dear Sir : Please fill up and retnm inclosed blanks at your earliest convenience, 
using accompanying return envelope. 

This request is made in furtherance of an investigation ordered by Congress into 
the extent and availability for irrigation of the subterranean waters. But a few 
weeks can be devoted to covering a large territory. In coUectinj^ the information 
desired only a limited time for inquiry and reports is made available. Hence, as 
this is for the public good, it is hoped that you will readily aid in obtaining the data 
required and that, too, in the shortest possible time. 
Respectfully, 

Division Field Agent. 
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REPORT OF PROFESSOR GARRY E. CULVER, UNIVERSITY OF 
DAKOTA, FIELD GEOLOGIST FOR NORTH AND SOUTH DA- 
KOTA. 



1 
/ 



n^TBODUGTOBT BEMABKS. 

From the size of the district and the limited time available lor field 
work, as well as from the purpose of the investigation, it seemed best 
to attempt only a general and necessarily rapid reconnaissance of the 
two States assigned to me. By this plan I hoped to be able to make a 
brief lamination of all exposures of strata in either State likely to 
throw any light upon the question at issue, and so to determine, approxi- 
mately at least, the controlling geological features and to outline 
roughly the artesian basin or basins lying in the two States. 

Actual field work was begun May 1 and continued until June 12, «nd, 
although I traveled nearly 6,000 miles during this period, I was unable 
to visit all the points I had selected as likely to afford valuable informa- 
tion. I believe, however, that the course pursued has been justified, 
partly by the results already obtained and partly by the knowledge of 
JQSt where future study is most needed. 

With the exception of the exposures on the Missouri River, oppor- 
tauities for studying the structure of the Dakotas are not abundant. 
The exposures are usually small and widely separated. Had accurate 
and complete records ofthe artesian well borings been kept, they would 
have furnished very valuable data. Unfortunately, this was not found 
to be the case. With some noteworthy exceptions, the only reliable data 
obtain able, referred to the depth of the well, the depth at which water 
was obtained, and the character of the water-bearing rock. 

Using these facts, I have constructed the sectional view which accom- 
panies this report, showing the relation of the water-bearing rock to 
the surface, in a line nearly north and south across the great artesian 
basin. 

On the small scale necessarily used, the rock appears quite strongly 
folded, but when the length ofthe section is taken into consideration, 
it becomes apparent that the folds are such gentle undulations as to be 
<iaite inappreciable to the eye on the natural scale. 

GEOLOGY OF THE DAKOTAS. 

ArekaoBn. — The well-known Sioux quartzite, with a small area of di- 
abase which outcrops on Split Bock Creek, in sections 15 and 22, Bran- 
don Township, Minnehaha County, are all the rocks of this age occur- 
^% in either Dakota, exclusive of the Black Hills region. 

The quartzite is most prominently exposed in Minnehaha County, 
^bere it is extensively quarried. The streams have cut deeply into it, 
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notwithstaDiling its great hardness and durability. .At Dell Rapids 
the Big Sioux runs through a gorge, the walls of which are about 50 
feet high and usually perpendicular. Considerable portions of the 
Dpper layers of the rock have been carried away in the viciuity of the 
^orge, 80 that the whole depth to which the stream has cut is not less 
than 75 feet. 

On the Split Hock, a small creek in the eastern part of the county, 
the quartzite forms vertical walls over 60 feet high, making a pictur- 
esque exposure. A number of fine springs issue from crevices in this 
rock, especially at Palisade, Corson, and Sioux Falls. I have not been 
able to get the amount of flow of any of them, but the city of Sioux 
Falls is supplied from a single spring, the largest, probably, of the num- 
ber. At Sioux Falls the diamond drill has been sent into this rock 
about 600 feet, encountering nothing but quartzite, red shale, and pipe- 
stone. From the various smaller exposures of this rock, and from the 
record of well borings, it is seen that the quartzite lies comparatively 
Dear the surface in Minnehaha, McCook, Hanson^ Davison, Lincoln, 
Turner, and Hutchinson Counties, and at no very great depths in the 
tier of counties encircling these, e. p., at Vermillion, Clay County, in 
the university well, quartzite was struck at 630 feet; at Scotland, Bon 
Homme County, at 500 feet; at .Plankinton, at 750 feet, and at White 
Lake at 850 feet. Its eroded surface is thus seen to slope somewhat 
rapidly to the south and west. 

At Salem this rock is struck at 222 feet; Yila^, 466 feet, while at 
Iroquois, at this date, "June 16, 1890, the drill is down 600 feet without 
finding it. It seems probable, therefore, that the counties referred to 
are the only ones in which this rock is likely to prove an obstacle in 
the way of obtaining flowing wells from the Dakota sandstone. 

Oranite. — At the loot of Big Stone Lake is an exposure of granite on 
the Minnesota side, extending down the valley of the Minnesota. No 
outcrop is known to the writer on the Dakota side. It is not improb- 
able, however, that granitic rock would be encountered at no ver^' great 
depth in the region adjacent to Big Stone Lake and south along the 
line in, say, the first tier of counties. 

Cr€t€ic€(yus, — With the exceptions already noted, no rock older than 
Cretaceous has been encountered in the wells of the James Biver basin, 
(lu the Bed Biver Valley the older Mesozoic and Paleozoic rocks seem 
to have been penetrated.) The lower Cretaceous beds lap on to the 
quartzite in South Dakota, the Benton and the Niobrara overlapping 
the Dakota group. In the region of Big Stone Lake, Dakota, and in 
western Minnesota, the Cretaceous beds lap on to the older rocks. (See 
diagram.) 

Beginning with the lowest of the Cretaceous series, the Dakota 
group, we find the only exposure in Dakota on the Big Sioux Biver, 
in the southeastern part of South Dakota, where it appears as a series 
of beds as follows: Sandstone, seam of lignite, sandstone, seam of lig-. 
nite, sandstone, shale, sandstone. (See section view.) Throughout these 
beds impressions of leaves are abundant, and in places the seams of 
lignite become simply leaf-beds. On going up either the Big Sioux or 
the Missouri, the Dakota is seen to pass under the Benton shales in 
Udiou County, S. Dak. 

Fort Benton group. — This group consists, on the Missouri, of blue, 
somewhat shaly limestone at the base, shales and laminated clays with 
some thin layers of very hard limestone, all of a lead-gray color, and 
about 90.or ioo feet thick altogether. 

The limestone and the shales just above are full of the fossil remains 
of Inoceramij mostly L problematictts. 
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The clays abqve coDtaiu Pryoncyclus Woolgari, Mantell, and one or 
two species of serpalse. The former usually occur in concretions and 
the latter are usually found attached to pieces of a large bivalve shell. 
These three fossils seem to be quite characteristic of the Benton. Be- 
side these may be mentioned as characteristic, crystals of selenite — 
often known locally as '^ isinglass " — concretionary masses of pyrite, 
(often the replacing material in the fossil pryonoyclus,) and large len- 
ticular concretions of clay cemented by calcium carbonate into a rock 
of great hardness. These latter often contain disseminated pyrite, 
which of course adds to their hardness. They are often encountered 
by the drill in sinking wells, and are referred to by the drillers as 
" hard head," *' iron ore,'' *' conglomerate," etc. The Benton outcrops 
along the Missouri from the mouth of the Big Sioux to the mouth of 
the James below Yankton where it passes beneath the Niobrara group. 

It is also exposed about 3 miles southeast of Mitchell in a cut on the 
line of th(B Chicago, Milwaukee and St. Paul Bailway, where it is seen 
to pass under the chalk. It is probable that it lies in erosion hollows 
in the quartzite in the counties mentioned as being underlaid by that 
rock. 

Ik iobrara group. — These beds, the somewhat well known *' chalk rock,'' 
consist of marls, marly clays, and thick beds of light, friable, crc^m- 
colored limestone. The clays and marls are lead gray in color ; the 
*latter, however, sometimes weather to a light grayish white. From 
Yankton to Ghamberlin, on the Missouri, the bluffs consist chiefly 
of these beds. East of the river they outcrop at various places from 
Ghamberlin to Canton on the east line of the State. Mitchell, Scot- 
land, and several points in Yankton, Clay, Turner, and Union Coun- 
ties, are to be mentioned. Spirit Mound, 6 miles north of Vermil- 
lion, is the southernmost outlier on the Dakota side of the Missouri. 
On the Nebraska side the beds extend much farther south. At Gham- 
berlin, where the bluffs are about 300 feet high, the lower 100 feec is 
Niobrara. Its total thickness can not be less than 200 feet in the neigh- 
borhood of the Missouri. Limestone, which seems referable to these 
beds, is reported in the sections of the wells at Huron, White Lake, 
Aberdeen, Columbia, Ash ton, Andover, and Groton. Of course the 
wells at Mitchell, Scotland, Yankton, Tyndall, and the San tee Agency 
pass through it. At none of the places mentioned, however, is it re- 
ported at the thickness given above. 

It is evident either that the beds thin out to the east or else that the 
marls, etc., are reported as blue shale. My own opinion is that both 
are true. Common fossils are Ostrea congesta, fragments of a large ino- 
ceramus, and numerous large scales of fishes. Fossil fish are less 
common. 

Fort Pierre Group, — Dark unctuous clays constitute a great part of 
these beds at the typical exposure near Pierre. There are beds of dark- 
gray laminated clays at various levels. The whole group is quite thick 
on the Missouri, certainly not less than 400 feet, ^nd probably much 
thicker. Taking the records of the wells in the northern part of South 
Dakota as evidence, the Pierre beds thin out rapidly to the east or else 
change their character more decidedly than they are known to do else- 
where. 

Present knowledge leads me to think the former more likely to be 

Note.— The sabdivisioDs of the Colorado groap are used here as being more 
specific. See Invertebrate Paleontology of the Upper Missouri Cretaceous. F. B» 
Meek. ^ 
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trae, and that the blue shale so uniformly reported from the northern 
portion of the basin belonfi^s to the Benton and to the Niobrara. 

The only exposure seen by me, except on the Missouri, referred to 
this group, was on the Cheyenne Biver, in the southeastern part of 
North Dakota, at Valley City. 1 found no fossils here, and was in some 
doabt, at the time of my visit, whether the clays belonged to the Benton 
or to the Pierre. If to the latter, then they lie in an erosion hollow of 
the Benton. The exposure consists of two beds, the lower dark-gray 
laminated clays, the latter black unctuous clays, unlike the Benton as 
seen on the Missouri near Vermillion, but much like some portions of 
the blufpH at Fort Benton, Mont. 

The Pierre probably occupies a wide region in central Dakota in a 
belt running north and south. West of the river in North Dakota it 
is covered by later formations, but appears again in eastern Montana. 
Its most southerly extension is at Yankton, where I found a thin out- 
lier capping the chalk bluffs near the cement works. In examining the 
bluffs above Yankton I find the Pierre rests on the chalk all along, 
under the Loess. 

On the Firesteel north of Mitchell, occurs an outcrop of sandstone 
which I should have mentioned under Dakota, as it seems referable to 
that horizon, although differing from the typical Dakota somewhat. 
It consists of coarse yellow sandstone, perhaps 12 feet, then below red 
and very hard sandstone or grit, conlaining considerable quantities of 
imperfectly preserved wood, some carbonized and some silicified. The 
outcrop extends several miles to the northwest, but I did not have time 
to follow it. The exposure mentioned is not more than 5 miles north- 
west from the chalk which forms the bluffs of the Firesteel east of 
Mitchell^ and rests on the Benton. Moreover, the sandstone and the 
chalk lie at almost exactly the same level. Further than this their re- 
lations were not determined. 

In the eastern part of North Dakota, forming the western wall of the 
Sed Eiver Valley, is a thick bed of shale. The best exposure seen is at 
Milton, in Cavalier County, on the head waters of Park River, where it 
forms steep bluffs 150 feet high. Where it has been exposed to the air 
for a longtime it breaks up into thiu light-gray flakes of remarkably 
even size and quite hard. In this respect it differs from any cretaceous 
shales I have before examined. I succeeded in finding a few fossils 
h^^, the best an inoceramus, new to me, but plainly of this genus. 
Worm burrows were abundant. I also found what seemed to be casts 
of a little baculite. The specimens were poor, however, and unsatis- 
factory. Misleading information earlier in the season prevented my 
finding this rock until about the time I was compelled by the limited 
time to leave the field. 

From such hasty observations as I could make, however, I am of the 
opinion that the shale is continuous with that which outcrops at James- 
town, K. Dak. I made an examination for fossils at the last-mentioned 
place, but found none. The general appearance and character of this 
shale is the same as that of the Milton exposure. The James at this 
point has cut about 100 feet into the shale, the valley being about a 
mile wide. South from Jamestown the shale is seen outcropping at 
various points as far as La Moure, near the south line of the State. 
"So surface exposures were seen south of La Moure, in the James Val- 
ley, except those previously mentioned in South Dakota. 

The deep wells at Jamestown and Devil's Lake show this shale to be 
practically continuous from the surface to the water-bearing rock^ 
only very thin beds of limestone and sandstone being passed through 
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in either well, according to the reports of the drillers. This northward 
thickening of the shales is still farther shown by the sections of two 
wells in Manitoba, kindly famished by the Swan Company. 

Laramie, — Passing west in North Dakota from the James River Val- 
ley, no exposures of strata are seen on either line of railway until the 
Missouri is reached. Here the Laramie is recognized. The river has 
cat into the beds about 200 feet, exposing the edges of alternating 
strata of clays and sandstone, with (at Williston) beds of lignite, silici- 
fled wood, etc. Near Bismarck a large tree was found in the clays 
about 175 feet below the surface, one-half of which (the lower) was 
finely silicified, while the upper half was part lignite and part brown 
wood. From a hasty examination it seemed to me that this portion 
was the result of the action of both processes, t. e., it was partly car- 
bonized and partly silicified.* 

How far east of the Missouri the Laramie beds extend it is impossi- 
ble to say until borings are made, as there do not seem to be any ex- 
posures. 

The thickness of the beds could not be even approximately de- 
termined. 

The Bismarck section is as follows : 



Feet. 

1. Loeiw 30 

2. Coarse naud .' 2 

3. ShlDgle 6 

4. ladurated clay (yellow) 30 

5. Laminated clay (blue) 50 

6. Arenaceous clay (yellowish) 20 

7. Sandstone (gray) 30 

8. Clay (bine) 50 



LEVEL OF RIVER. 

Feet. 

9. Clay (blue) 50 

10. Lignite 10 

11. Clay (blue) 30 

Total 298 



(The section below the river level was obtained from the excavations 
made by the Northern Pacific Railroad Company in building the bridge 
over the Missouri.) 

The section at Medora, on the Little Missouri, is as follows : 



Feet. 

11. Clay , 5 

12. Sandstone 55 

13. Clay 5 

14. Coal 3 

15. Clays 57 

16. Coal 3 

17. Clay 42 

Total 289^ 



Feet. 

1. Loess 2*.) 

2. Sand 2 

3. Shingle 5 

4. Indurated clay 17 

5. Sandstone 2 

6. Clay 24 

7. Coal and nnderclay 2 

H. Sandstone 40 

9. Clay 3 

10. Coal and underolay li 

This is a fairly typical " Bad Lands ^ section. The clays are mostly 
arenaceous and the sandstones yellowish gray. Of course the coal is 
lignite. Many silicified stumps of trees occur. Far west in Montana 
the lower cretaceous beds rise again to the surface, the Dakota last. 

• See Prof. Lester A. Ward's paper on the Laramie in sixth annual report, U, S. 
Geological Survey. 
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REPORT OF PROFESSOR G. E. BAILEY, M. E. PH. D., OF THE 
GEOLOGY OF SOUTH DAKOTA, WEST OF THE MISSOURI 
RIVER, AND OF WYOMING, EAST OF THE FOOT-HILLS OF 
THE ROCKY MOUNTAINS. 



A careful examination of the geology of that portion of South Da- 
kota lying weKt of the Missouri River, until reaching the foot-hills near 
the Wyoming line, shows that there is very little variation in the local 
particulars of the succession of the' beds, in the texture and structure 
of the formation. 

Sections taken along the Missouri Eiver, along the Cheyenne Biver, 
White, and Wakpa Schicta Eivers, and the streams coming from the 
Black Hills, show that the chief requisite conditions for artesian wells 
exist throughout this entire area, viz: 

First. A porous stratum, or water bearer, furnished by the Dakota 
sandstones. 

Second. Impervious beds above and below the Dakota sandstones. 

Third. A high fountain-head in the Black Hills and mountainous re- 
gion along the western edge of the State. 

The surface of all of that region lying east of the Black Hills and . 
westof the Missouri Biver is almost wholly covered by the Colorado 
group of the Cretaceous, excepting a few local districts where fragments 
of the Laramie group, and even of the White Biver Tertiary, remain 
uneroded. 

In the Black Hills there is an area of slates 50 miles wide by 00 
miles long, surrounded in concentric rings by the various geological for- 
mations from the Carboniferous to the Dakota sandstones which Ibrm 
the outer wall of the entire range. 

North of the Hills proper, this outcroping of the Cretaceous still ex- 
tends beyond the north line of the State. 

This region of mountainous country forms a large collecting area 
for the waters sinking into the Dakota group of sandstones, and forms 
the source of supply for the artesian waters of the region farther east. 

The conditions upon which the artesian flow depends, as given by 
Professor Chamberlin in his report to the Government, are completely 
fclfilled in western South Dakota. 

Furst. A pervious stratum to permit the entrance and passage of tho 
water. This is furnished by the Dakota sandstones, which are essen- 
tially a body of coarse yellow or red sandstones from 250 to 400 feet in 
thickness. 

Second. A water-tight bed below, to prevent the escaping of the water 
downward. This is furnished by the Jura Triassic system of rocks 
which lie immediately below the Dakota sandstones, and which are in 
substance as follows: Overlying the Carboniferous limestones is a deep 

S. Ex. 22—^ 65 
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red clay that forms the bottom of the Triassic group of rocks. Begin- 
ning with this clay and ascending the strata are as follows: First 115 
to 120 feet of red clay containing but little gypsum, and in some local- 
ities showing thin pieces of clay sandstone. Second, grayish purple 
and pink gray limestones 15 inches to 15 feet thick. Third, 200 to 300 
feet of red clay with interbedded strata of soft shaly sandstones and 
pieces of gypsum. Last, it is not easy to point out the parting between 
the Triassic and overlying Jurassic as both vary considerably locally. 
In general the Jurassic consists of from 200 to 500 feet of gray ash- 
colored marls, with bands of green or red sandstones and with a few 
thin pieces of impure limestones. 

Third. A like impervious bed above, to prevent the escape upwards. 
This is furnished by the Colorado group of rocks, which consists of dark 
gray laminated clays, alternating with layers of soft gray and light- 
colored limestones from 150 to 200 feet in thickness; lead-gray calcar- 
eous marls with light yellowish and white limestones, 100 to 200 feet 
thick; dark gray and bluish plastic clays, 150 to 250 feet in thickness. 

The dark clays of this group form almost the entire surface of the 
region between the foothills of the Black Hills and the Missouri River, 
and which I find outcropping along the Missouri River at all the points 
which I examined from below Chamberlain to above Pierre. 

Fourth. The inclination of the strata. While the rocks of the Black 
Hills pitch sharply from near the slates, their inclination rapidly grows 
less, mntil even in the foot-hills it is but slight, and as one goes east 
he soon finds the inclination or dip of the strata to have changed from 
a dip of from 10 to 15 degrees to that of 1 to 2 degrees, while over the 
greater portion of the plains, on what was lately known as the Reser- 
vation, the dip is generally from 1 to 2 degrees to the east, and possibly 
to the southeast a trifle. This gentle dip has carried the Cretaceous 
down slowly until it was replaced in the topography of the plains region 
in a few local districts by uneroded portions of the Fox Hill, which 
consists of gray ferruginous and yellowish sandstones and clays, having 
a total thickness of only about 100 feet, or else by a patch of the light 
clays and limestones of the White River Tertiary. 

Fifth. A suitable exposure of the edge of the porous stratum for col- 
lecting the supply of water. The collecting area consists not only of 
the entire Black Hills but also of the ground having an elevation of 
from 5,000 to 6,000 feet above the sea, extending north and south of the 
Black Hills beyond the State lines. The hills have been subjected to a 
)»eculiar erosion which sends all of their drainage to the east, convey- 
ing the rain fall directly against the edge of the Dakota group of sand- 
btones iivhich form the wall or rampart around the Black Hills, while 
the soft Jura Triassic is so eroded as to form a moat or huge ditch along 
the inner edge of the sandstones, and its clays aid in conveying and 
keeping the waters in the pervious bed above. 

Sixth. An adequate rain-fall to furnish the supply. The elevation of 
the Black Hills, from 5.000 to over 8,000 feet above the sea, together with 
the heavily wooded interior, gives a much larger rain-fall than the dis- 
tricts farther east, as both the Government signal officers and a num- 
ber of local observers, give the rain-fall as from 25 to 30 inches per 
year. 

Seventh. Absence of escape of the artesian waters throngh local 
faultings. There is no evidence that the waters escape from the Dakota 
sandstones, as all the springs across the reservation do not evidently 
reach the artesian source below, but have their origin in higher and local 
sources. 
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The Dakota sandstones are admirably adapted to use as a water 
bearer, for they are not close-textured, but very porous, permitting the 
waters to permeate the whole bed, while their great thickness makes the 
aapply beyond calculation. They are remarkably uniform throughout 
large areas of both Wyoming and Dakota where they have been exam- 
ine. There is no evidence that they change anywhere from their 
coarse, open character to a fine-grained rock impermeable to water, but 
all the evidence is that they remain coarse-grained, with large water- 
conveying capacity and capable of furnishing a generous fiow. Neither 
is there an^' proof that these sandstones thin out, but every indication 
that they maintain their thickness along the lines of the sections. (See 
Appendix.) And at the same time the impervious inclosing beds main- 
tain their character and quality. 

These facts, together with the gentle inclination of the strata to the 
east, make the entire area from the foot-hilU of the Black Hills region to 
the Missouri River an artesian basin. 

With the exception of the local districts covered by the uneroded 
portions of the Fox Hill, White Biver, and Laramie formations, which 
cover small areas to a sufficient depth to prevent the artesian waters 
reaching the surface after the sands had been penetrated, in general, 
the question of tapping of the artesian waters in western Dakota is one 
of local depth. Local depth depends on the amount of surface erosion 
to which the top shales have been subjected, and to the existence of 
the overlying Laramie Tertiary. 

Unfortunately, no holes had been drilled in the entire field of my 
work, so that I have had no means of comparing the sections of the Cre- 
taceous rocks as given in this report with the sections of any drilled 
holes. But I believe that the Dakota sandstones are the source of the 
artesian waters. Knowing that as it dips but slightly, it must lie within 
available reach of the drill in nearly all of South Dakota west of the 
Missouri, and that the question of the local depth is only the question 
as to the depth of the more or less eroded Colorado group above that. 

In conclusion : The areas in which success may be reasonably antici- 
pated are along the valleys of the Missouri, the valleys of the Wakpa, 
Schicta, Medicine, and American Creeks, and the White Biver Valley, 
the Cheyenne and Belle Fourche Valleys, and many large areas of 
table lands lying at a slight elevation above the various streams. 

Second. There are areas in which the local conditions will have to be 
examined with more minuteness, in order to determine whether the 
hole is liable to be a success or a failure. This is especially true .of the 
Upper White Biver region, of the lands immediately adjacent to the 
foot-hills, and the region between the hills and the Nebraska line. In 
all of these places there is evidence of more of less lo&al faulting and 
disturbances of the strata. 

Third. The areas in which the conditions are adverse and prohibitory 
to artesian waters are on the high divides along the old Pierre and 
Chamberlain trails, and most of the higher divides along the Cheyenne. 
The principal areas covered by rocks overlying the Colorado are found 
along the central portion of the old reservation near the Cheyenne Biver, 
which is covered by the Laramie group and shows valuable veins of 
coal; and by a district south of American Creek covered by the Fox 
Hill formation and along the upper White Biver by the White Biver 
Tertiary and Laramie formations. 

Fourth. In the regions lying immediately south of the Black Hills, 
extending to the Nebraska line, the Tertiary rocks are undoubtedly 
liberal water bearers ; they consist of thick, porous, coarse sandstones 
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closed beneath by the clays of the Colorado and Fox Hill groups, 
which have a slight dip, the same as the general surface of the land. 
It is not probable that the artesian flow in of any special pressure or 
power could be obtained from these rocks, owing to a lack of elevation 
at the collecting edge, still the amount of water contained in them is 
so mnch that in any wells sunk in them, the water would raise so near 
the surface as would make the matter of pumping an easy one. I 
would recommend the sinking of wells in this formation and having 
them tested by pumps, believing that their capacity would be sufficient 
to supply a much larger area than would be first supposed. 

Fifth. The Dakota sandstones dip from the hills region south and 
southeast into the State of Nebraska and should furnish a water supply 
there provided the strata do not lie too deep for practical drilling. 

Sixth. While it is evident that artesian water can be secur^ any- 
where along the lines of settlement on the newly opened reservation, I 
would suggest the importance of having the Gretaceous formations care- 
fully examined and studied through the Rosebud and Pine Ridge 
agencies in order to determine the dip and character of both Dakota 
sandstones and Tertiary rocks in order to settle the question of the 
artesian basins along the north tier of counties in the State of Nebraska. 

Seventh. I would also suggest the importance of more careful study 
of the local Tertiary artesian basins in the southwestern comer of Dakota 
and in the northwestern portion of Nebraska. 



WYOMING. 



That portion of Wyoming lying north of the Platte River and east 
of the foot-hills of the Rocky Mountains would embrace almost the 
entire northeastern quarter of the Territory. The region is one of 
anticlinals and the corresponding synclinals, the entire region being 
covered by the various groups of the Gretaceous rocks to different 
depths; so far as artesian waters are concerned they require much 
more minute investigation than I was able to give in the brief time at 
my command. 

There is no lack of artesian flow, as I have records of over sixty wells 
scattered along a belt of 45 miles wide extending from the northeast 
corner of the Territory to the center of Natrona Gounty. Nearly all of 
these wells were flowing and the flow was either salt water, water heavily 
impregnated with sulphates and carbonates of soda, or else saline 
waters carrying a number of barrels of petroleum per day. In a few 
instances the borings were real oil wells, producing principally brown 
and amber lubricating oils, and in a few instances producing the light 
green oils similar to those of Pennsylvania. 

Qas was quite common in nearly every well and in some instances 
shows enormous pressure. 

Outside of this belt, especially along the east of the Big Horn Range 
and in a number of localities in Grook Gounty and the eastern portion 
of Johnson Gounty and in the northern portion of Laramie Gounty. I 
am satisfied that careful examination would show the existence or a 
number of valuable artesian basins where good water could be ob- 
tained from the Dakota sandstone. In about one-third of the area of 
Johnson and Grook Gounties and that portion of the southern counties 
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lying north of the Platte Kiver the Colorado groap of rocks covers the 
sarface of the valleys, and I have no doabt bat that a good artesian 
flow could be obtained in all such localities by drilling down to the 
Dakota, the only question being as to the value of the water when ob- 
tained ; the probabilities are that it would be saline unless the flow of 
oil or gas was encountered. 

In all this region the Dakota seems to maintain the same open, coarse 
character that it did in western Dakota, but as one approaches the 
Platte Eiver and passes south along the east flank of Laramie Moun- 
tains towards Cheyenne, bands of fine-grained, impervious sandstone 
and quartz make their appearance in Dakota outcrop and might 
seriously affect its capacity as a water bearer. There are, however, 
thinner strata of more porous sandstone iu the group which may yield 
a small local supply. 

That portion of Wyoming adjacent to the Nebraska line, extending 
as far north as the Sioux City and Pacific Railroad, has another source 
of water supply which is not found in Dakota or northern Wyoming, 
namely, the Tertiary rocks and sandstone of the Tertiary are open and 
porous and well supplied with good water-tight strata below them. 
There is no impervious strata above. While do great pressure could be 
obtained in any well sunk in these sands^ still they are such generous 
water bearers and so coarse in their texture that it might be found 
very profitable if wells could be sunk and the water raised to the sur- 
face by pumps; there is no doubt but the water would rise to near the 
aorface of the ground in these rocks, and that the flow from a pump 
would be very large, but no artesian flow as ordinarily understood 
could be secured. 

In this region where the rain-fall is comparatively limited and where 
Tertiary rocks receive their supply from the Eocky Mountains immedi- 
ately to their west, I regard the development of the water in the Ter- 
tiary as of the utmost importance and only regret that there was not 
more time at my disposal to more thoroughly investigate it. 

There is a third source of water supply, which is a large portion of 
northeastern Wyoming, especially in Johnson County along the line 
of settlements on the east flank of the Big Horn and the mesas along 
each side of the Powder River, also along considerable of the portion 
of the table-lands parallel to and north of the line of the Chicago and 
Northwestern Railroad from the Nebraska line as far west as Caspar, 
and along the valleys of the Caspar Creek, west and on the north flank 
of the Battle Snake Range. The rocks of LariEimie group are generous 
water bearers and sandstones furnishing a liberal supply of clear and 
pore water ; as this formation in these localities is from 2,500 to 5,000 
feet in thickness and has a sharp pitch, from five to twenty -five degrees, 
wherever water is obtained it comes with good pressure. The question 
of depth of the water supply in this formation is wholly a local one, 
varying with each township almost, and it would require protracted 
and minute investigation to give any detail in connection to its value 
as a water producer. 

I would respectfully call attention to the following suggestions : 

First. That a careful examination be made of that portion of Wyo- 
ming lying east of the Big Horu Mountains and north of the Rattle 
Snake, Caspar, and Laramie Ranges and east of the Rocky Mouutains 
proper in the regions south of the Platte River, as but very little work 
has ever been done in any of this region by Government geologists for* 
any purpose. 
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Second. The Dakota sands in the north portion of the Territory are 
open and porous and liberal water-bearers, and all the districts where 
they are covered only by the Colorado rocks shonld receive a carefdl 
examination. 

Third. The Tertiary rocks along the east edge of the Territory, es- 
pecially near the Nebraska line, could no donbt be made liberal pro- 
ducers in many localities, provided careful and thorough study is made 
of them. 

Fourth. Along the principal lines of settlement the Laramie groap 
will be found to be the main source of artesian-water supply, but owing 
to the sharp folding of the synclinals it would require considerable time 
and study to define the area of the basins and ascertain its value. 

Fifth. The borings so far made show that the Territory will in all 
probability become famous for its oil wells, as well as salt and gas, 
developed by boring for artesian water. 



REPORT OF PROFESSOR LEWIS E. HICKS, STATE UNIVER- 
SITY OF NEBRASKA, ON THE STRATIGRAPHY AND HY- 
DROLOGY OF NEBRASKA. 



I.— SCOPE OP THE 6E0L06I0AL INVESTIGATION. 

Almost all the sabterranean waters of Nebraska have a tendency to 
rise in wells and bore-holes, sometimes flowing oat at the surface, and 
hence come within the scope of '' artesian'' as defined by the Depart- 
ment of Agriculture. As a geologist it falls to me to describe the 
stratigraphic conditions which determine the direction of flow and the 
pressure of subterranean waters, rather than to make an enumeration 
and description of flowing wells. Some of these will be incidentally de- 
scribed and their position indicated on the map, but this will be more 
for the purpose of illustrating the general principles of the underground 
circulation of moisture than as aiming at an exhaustive catalogue of 
sach phenomena. 

II. — SOUBOES OF MOISTUBE. 

The water which flows on the surface or traverses the porous rocks 
beneath the surface of Nebraska is derived from the annual precipita- 
tion of rain, snow, and hail and from inflowing waters, partly on the 
surface, but more beneath the surface. 

« 

THS RAINFALL. 

For the ten years preceding and including 1887, the mean annual 
rainfall of Nebraska as reported by Prof. Godwin D. Sweezy, in the Be- 
port of the Nebraska State Board of Agriculture for 1887 (pp. 27 et 8eq.) 
was 28.49 inches. This was the average of thirty-two stations, of which 
twenty-two were in southeastern Nebraska, where the rainfall is great* 
est. The average for western Nebraska is about 20 inches. This 
wonld be sufficient for most crops if it fell in good season and in gentle 
showers. But it is unfortunately rather spasmodic, several inches of 
water— even as much as one-fourth of the whole annual precipitation 
—sometimes falling in a single storm, and long periods of drought or 
of scant precipitation intervening. During great storms the atmos- 
pheric phenomena are very intense, the winds are violent, electric ten- 
sion is great, oppressive heat is followed by sudden cooling, and much 
of the moisture is congealed into deadly hail instead of vivifying rain. 
It is believed that irrigation and the growth of trees will modify the 
intensity of storms, prevent destruction of crops by hail, and secure 
more frequent, gentle, and regular precipitations. 

71 
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The aggregate volame of water precipitated is enormoas. It amoonts 
to more than 100,000 cabic feet on each acre, or 5,000,000,000,000 cobic 
feet annaally for the whole State. The mean annnal discharge of all 
the rivers of Nebraska is about one-foorth of this amount, and it might 
be supposed therefore, that the flow of these streams is entirely due to 
the rain fall here. But evaporation is the thief which robs ns of oor 
rain-fall. Annual evaporation from a water- surface freely exposed is 
certainly twice as great, probably it is three times as great, as the rain- 
(all on the Great Plains. Plants absorb and transpire large quantities 
of moisture. Much of the rain-fall which escapes evaporation never 
reaches the rivers. It is absorbed in the soil, which drinks up the show- 
ers as fast as they fall. This occurs to a far greater extent wherever 
the prairie sod has been broken up by cultivation, and it is a most bene- 
flcial process. The soil and subsoil acquire a circulating capital of vivi- 
fying moisture. Gravitation draws this moisture downwai^s, and this 
movement prevails so long as new supplies are received at the surface. 
But upon the drying of the surface the opposite force of capillarity 
comes into play and pulls the moisture up to nourish the growing crop. 

When we consider all the dema&ds which the rainfall has to meet, 
and especially the great and constant one of evaporation in a land of 
clear skies, hot sun, and brisk winds, it would be surprising if so much 
as one-fourth of the water descending from the heavens were found 
flowing in the streams. We know indeed that the streams of Npbraska 
derive their waters in part from the rains and melting snows in the dis- 
tant mountains. This accession of moisture comes partly on the sur- 
face and partly by way of the porous rocks beneath the surface. The 
North Platte delivers a large volume of water into the State. The 
South Platte formerly did, but irrigation in Colorado has reduced its 
channel in Nebraska to a dry s^nd-wash over which teams may be 
driven the greater part of the year. Other streams entering Nebraska 
add something to the surface flow. But the underflow along the in- 
clined beds of porous rocks is undoubtedly a more important source of 
moisture than all the rivers which enter the State. At many points 
along or near the western boundary these subterranean waters have 
been tapped by wells or show themselves in springs. More than one 
level of "sheet water" has been demonstrated, and the deeper veins 
have the greater pressure. 

Many streams have a steadiness of volume, and that volume unac- 
countably large, if the rain fall of their several basins be regarded as the 
only source of supply, which indicates that they have eroded their 
channels down to the level of some sheet of water which feeds them 
with perennial springs, and maintains a steady volume in spite of 
long-continued drought. Take, for example. Frenchman Eiver, the 
chief affluent of the Upper Eepublicau Kiver. It has a catchment 
basiu of about 700,000 acres, upon which 38,000,000,000 cubic feet 
of water falls each year. More than one-third of this amount is 
delivered by the Frenchman to the Republican, and it flows on with 
very little change, month by month and year by year, without regard 
to variations in the rain-fall. A smart shower may fall in that region 
without starting any surface flow npon the inarched slopes and table- 
landi) to swell the volume of the stream. In order to maintain so large 
and constant a volume it must be fed from subterranean sources, and 
observation of its headwaters discloses the actual existence of numerous 
and strong springs of a perennial character. , 

A further evidence of the existence of subterranean waters flowing 
into Nebraska from without is the patent fact that there are flowing 
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^ells, some of which do indeed obtain their waters from the rain-fall 
within oar borders, but others have such relations to the folded strata 
as to make it clear that their sources are in the remote plateaus and 
uioantain ranges. In brief, we have three distinct indications of a con- 
siderable underflow apart from that belonging to each river, viz, 
ordinary wells tapping sheet water, perennial springs, and flowing wells. 
The cause of such an underflow is readily detected when we examine 
the dip of the rocks and see that they are not only inclined, but that 
porous beds are so shut in between impervious beds as to provide a 
Datural sj^stem of water carriers. This brings us to our third topic, the 
lay of the rocks, which is the key to the whole matter of underground 
droalation of moisture. 

IIL— GEOLOGICAL STEUOTUBE AND SUEFACE FEATURES OF NE- 

BBASEA.. 

Broadly stated, the structure is that of a single broad synclinal 
trough, whose western rim is raised some 3,000 feet above the eastern. 
(See B'ig. 1.) Of course this broad view of the case, and the rude diagram 
which illustrates i't, ignores the minor crumplings and tiltiugs and all 
of the unconformities of the strata. These may be safely ignored in the 
general discussion ; and in this preliminary report of an investigation 
so limited in time as the present one, nothing but general statements, 
illustrated by a few specific cases, can be made. The minor folds and 
the aucouformities caused by erosion may turn out to have an important 
iutiueuce when the subject is investigated in its minute details; but for 
the present general discussion it is substantially correct to say that 
Nebraska is one broad synclinal. The axis of the trough is not quite a 
north-south line, neither is the dip exactly east or west. 

In eastern Nebraska the dip is west-northwest; in western Nebraska 
it is eas^ southeast. The axis of the synclinal consequently runs north- 
northeast and south-southwest, being at right angles to the dip. 

This synclinal structure brings up the older formations in the south- 
east (see geological map); the newest rocks are found near the center 
of the State; and older rocks again emerge as we go westward up the 
slopes of the mountains. In the process of upheaval of the Kocky 
Hoantaius the whole series of strata in Nebraska not only got bent, 
but tilted away from the axis of elevation, and at the same time several 
beds of sand and gravel were formed, which are the water-carriers for 
western Nebraska. This tilting also determines the character of the 
present surface of Nebraska, which is that of a great plain sloping 
i:ent]y to the eastward, or southeast by east, nearly in the same direc- 
tion as the dip, but not conformable with the dip of the rocks, because 
erosion has cut deep valleys, the bottom of the basin has been filled in 
with later sediments, these being again cut by streams, and again a 
wautle of fresh sediment thrown down. This process has been repeated 
several times, and the existing; surface i3 a comi)lex result of many and 
varying forces acting through long periods. Neglecting minor topo- 
^aphic irregularities the surface may be regarded as a plane sloiung 
southeast by east at the rate of 10 feet per mile. Then, since the dip is 
expressed by a curve, the surface. plane cuts the dip, as shown by the 
hne a 6, Fig. 1. This diagramatic representation, regarding the surface 
5W a geometric plane, differs considerably from an actual profile, but it 
exhibits the physical and hydrographic relations of the surface to the 
geologic structure with substantial accuracy. An actual i>rofile would 
Qotouly show the unevenness due to erosion, but would, instead of a 
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QDiform slope, show a somewhat steeper j^radient iu the western than 
in the eaetern portion of the line. A profile in the uorth-soath direc- 
tion would esltibit the unevenness due to erosion much more strik- 
ingly because it ifonld cut across the valleys and show the table-lands 
rising from 200 to 800 feet above them. 

The existence of these tablelands and the peculiar forms on their 
snrface have an important bearing upon the underflow iu Nebraska, 
and hence merit a brief description. On the typical tableland there 
are do streams whatever. Many square miles of western Nebraska are 
of this character. Not only are there no streams upon the table-lands 
themselves, but the waters falling there do not feed the streams in the 
valleys, unless it be by the indirect course of subterranean waters and 
springs. This statement may seem incomprehensible to readers who 
are accustomed only to the ordinary topographic types produced by 
water sculpture in which every part of the surface belongs to the drain- 
age basin of some stream and the water partings are sharp lines. Here 
the whole broad tableland is the water parting. Its slopes at the 
edges turn the water off either way, but it.s whole summit constitutes a 
hydrographic unit independent of any river basin. The surface is not 
formed by water-sculpture or windsculplure, but is a primitive surface 
of deposition. The old lake bottcm was iiueveu by reason of previous 
erosion, and the traces of ancient valleys, partially obscured by new 
sediment, remain in many places. These valleys are a puzzle to the 
traveler uninitiated into the secrets of successive cycles of erosion and 
deposition. There is the valley plainly enough, but where is the stream 
that excavated it? Buried and forgotten ! The old river may be resur- 
rected, as many others have been, by the progressive establishment of 
a new dr.iinage system, the existing streams re-opening the primitive 
silted up channels, but some of them will never be restored. 

StCIiON Of BIG SPRINS 




SeCTlON OF MOSS SPRPNfl 




Another topographic type of the tablelands, and by far the most 
significant and important one, is the lagoon. This is a natural basin 
with rim complete on all sides and rising from 1 foot to 50 feet above 
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the depressed center. These lagoons are very numeroas, sometimes as 
many as twenty upon a sqaare mile. They vary in size from 1 acre ta 
several hundred acres. The cross-section (Fig. 2) shows a broad, shallow 
basin filled with muck in the center to the depth of from 7 to 20 feet. 
A shallow pond with aquatic vegetation may occupy the lowest part 
at all seasons, or only in wet weather, or it may be wholly obsolete. 




Cross Section of aZq^oon 

l?D nrtiar^ marl 

Many of the lagoons have been utilized for domestic supply by means 
of deep cisterns cemented and covered to prevent evaporation; and a 
still greater number are used for stock- water, the natural depression 
being deepened with plow and scraper. The influence of the lagoon 
form upon subterranean waters is obvious. All the rainfall of such 
region which escapes evaporation sinks into the earth instead of flow- 
ing off in surface streams. 

Tbe lagoon form is a record both of pre-existing inequalities and of un- 
even deposition of sediment. If western Nebraska should again become 
a lake bottom, and 100 or 200 feet of sediment be slowly and unevenly 
sifted down over the valleys and sand-hills, we should have a series of 
smothered rivers, silted-up valleys, and undrained lagoons, very simi- 
lar to the existing table-lands where they have not been invaded and 
modified by the modern water- ways. Such a surface being again ele- 
vated and converted into a land area, would begin to form new water- 
ways, and ultimately attain the ordinary topographic type of a country 
formed by water sculpture. Since western Nebraska presents a mixed 
orintermediatetypein which water sculi>ture mingles, contends with, and 
impinges upon areas of unmodified primitive deposition, it is manifestly 
in a transition stage. Eunning water is the chisel which has shaped 
tbe features of all the older countries, and it has attacked this region 
bnt has not yet had time to reduce the whole surface to the valley type* 
Thus topography confirms the verdict of geology that this region is a 
newly-formed terrane. 

The sharp transition from table- land to river valley is another evi- 
dence of the recent emergence of the land. Erosion is sharp and ac- 
tive in the interme<liate belt along the edge of the table-land. ^\\^ 
blanket of lake sediment is fraye<l out, fretted, and fringed with an in- 
tricate maze of rugged canons. This belt is difficult to traverse and 
incapable of cultivation. The soil of the table-lands is excellent. That 
of the valleys ranges through all degrees firom the best to the most 
worthless. Here in the valleys we meet with additional evidence of the 
newness of the country in a geological sense. In old countries (geo- 
logically old) the valley or bottom lands are the best. The longestab- 
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lished order of things results in rich and deep beds of allaviam pro- 
duced by the copious vegetation in the well-watered valley. The new 
valley, on the other hand, is encumbered by wash from its naked walls. 
Especially in a region of light rain-fall, where vegetation is tard^^ in its 
work of healing the gashes made by the water of occasional storms in 
the new and unconsolidated beds, the valleys are constantly delated 
with fresh silt, and the accumulation of organic matter is slow. The 
valley lands are in many places sandy, in some places alkaline, and are, 
generally speaking, inferior to the table-lands. Particular nelds, how- 
ever, and some broad stretches of bottom land in western Nebraska, 
excel in fertility. Moreover the amelioration of the bottom lands by 
natural agencies is proceeding rapidly, and may be greatly accelerated 
by intelligent effort. Many square miles of river bottoms which for- 
merly lay bleaching in the sun, or whirled about in sandstorms, are 
now converted into verdant meadows. 

In the region ot sand-hills, as well as on the table-lands where the 
lagoon form predominates, the rain>fall goes to feed the underflow. 
Sand-hill topography is like that of the unmodified table-lands in pre- 
senting a series of closed basins independent of drainage. These basins 
are, however, very different from the lagoons both in origin and char- 
acter. The lagoon was formed by the settling of sediment in water 
upon a surface already uneven. The closed basin of the sand-hill 
region is formed by cross-ridges due to shifting winds. The typical 
form of a sand- hill is the elongated half-cone (Fig 3). The base is cat 
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off obliquely, has a deeply concave surface, faces to windward, and 
forms a ** blow-out." The tapering cone stretches off to leeward, or 
merges into the next blow-out, thus forming elongated ridges whose 
jagged, saw- tooth summits indicate the successive blowouts. The 
direction of the ridges is governed by the prevailing winds, and since 
these are from the west or southwest, the tendency to east- west ridges, 
with blow-outs facing west, is plainly apparent. But shifting winds 
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give croas-ridges and closed basins. The sand-hills are fall of these, 
some of them being occapied by small lakes. Sand-hill topography, or 
wind-formation, is therefore another type independent of surface drain- 
age, and the absorptive nature of the sand makes such regions very 
important feeders of the underflow. 

In eastern Nebraska the whole.snrface is formed by water sculpture; 
there are no closed basins of any considerable extent, and the bottom 
lands are highly fertile, except the few spots which are marred by swamps 
or by *' gumbo." 

IV. — WATEB-BEABINa STRATA. 

The porous beds through which the subterranean waters flow occur 
at several different levels and are composed of rocks of various kinds, 
ranging in degree of porosity from coarse gravels to fine sandy marls 
and limestones. Beginning with the Permo- Carboniferous, the oldest 
formation in Nebraska, the waterbearing rocks will be described in 
ascending order from the oldest to the newest. The order of economic 
importance is just the reverse o^the order of deposition, that is to say, 
the oldest rocks are the least valuable as bearers of water for irrigation, 
and the newest rocks are the most valuable. 

(1) THE SANDSTONES AND LIMESTONES OF THE CARBONIFEROUS. 

An artesian flow has been obtained from Carbon iferous rocks at various 
points in Nebraska, and plenty of water from the same formation in other 
places where the force was not great enough to create a flow. Contrary 
to what one would naturally expect the limestones of the Carboniferous 
appear to yield more water than the sandstones. The limestones are 
water bearing wherever they are coarsely crystalline or cavernous from 
the removal of fossils by solution, or much divided by fissures. Porosity 
doe to crystalline structure is most frequently observed in dolomitic or 
magnesian limestones. Thus, for instance, artesian water flows from 
crystalline magnesian limestone at a depth of 545 feet in the Govern- 
ment square just north of the post-office in Lincoln. The well mouth is 
1,170 feet above tide, and the top of the water-bearing stratum is there- 
fore 625 feet above sea-level. The water is salt (10^ by the salinometer), 
and carries also a large amount and variety of other mineral matter in 
solution. 

Two miles west of Lincoln, on the south shore of the salt marsh, brine 
of no strength flows Irom a reddish, friable sandstone at the depth of 
600 feet, and a weaker brine from limestone at a depth of 823 feet. The 
well mouth is 1,138 feet above tide, so that the upper vein is 538 feet 
and the lower 315 feet above tide water. 

In the test well (for coal) at Brownville, Nemaha County, brine was 
obtained from sandstone at 263 feet (630 feet above tide) from mag- 
nesian limestone at 599 feet (294 feet above tide), and again from mag- 
nesian limestone at 820 feet (73 feet above tide). 

The prevailing saline and highly mineralized character of the waters 
obtained from the Carboniferous rocks is just what we might expect 
^m the fact that they dip below sea-level in the middle of the basin, 
and the water traverses long distances in contact with minerals more 
or less soluble. The conditions of artesian flow are perfectly ful- 
filled in this older formation (see Fig. 1), and the pressure and volume 
&re accordingly ample. But the waters have no value for irrigation, 
and they are mentioned here only to illustrate the general laws of 
nnderflow in Nebraska. 
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(2) THE SAXDS AND SANDSTONES OF THE CRETACEOUS. 

Lying unconformably upou the Carboniferous formation is a series of 
strata of the Cretaceous period, which is also bent into one grand fold, 
having its porous members exposed to percolating waters over a con- 
siderable area where they crop out on the slopes of the mountains. 
The lower member of the Cretaceous^ the Dakota, is the water-bearing 
member, and its sands and sandstones are so permeable, and so shut in 
by impermeable clays and shales as to create flowing wells, which occur 
along a belt running from Jefferson County to Cedar County. The con- 
ditions of their flow will be readily understood from figure 1. Near St. 
Helena, in Cedar County, good fresh water flows with strong pressure 
from loose sand, or very soft sandstone, in the upper portion of the Da- 
kota, at the depth of 450 feet (1,400 feet above tide). A flowing well 
deriving its waters from Dakota sands formerly existed at Seward, Se- 
ward County, but I have not been able to obtain any other data re- 
specting it than the bare fact of its former existence. At Lincoln brine 
of 350 strength was obtained in the test well at the salt marsh in sand 
and gravel at the depth of 195 feet (943 feet above tide). This was 
at the bottom of the Dakota, where it lies on the eroded surface of the 
Permo-Carboniferous. The brine rose within 3 feet of the well-head, 
but did not flow out. The Kice pumping station, supplying water to 
the city of Lincoln, though not a flowing well, deserves mention on 
account of the large volume and excellent quality of the water. It 
furnishes one and one-quarter millions of gallons daily. This is de- 
rived from sandstone of the Dakota group, at a depth of 75 feet (1,100 
feet above tide). At Fairbury and Reynolds, in Jefierson County, are 
flowing wells in the Dakota yielding salt water, but detailed records of 
the borings have not been obtained. » 

All the wells mentioned above are on the eastern outcrop of the 
Dakota, or at least very near it. The CeJar County wells penetrated 
some 400 feet of chalk and shale of the Colorado group before reach- 
ing the Dakota. Whether this formation way be made to yield its 
treasures at the surface farther west where the water is needed for irri- 
gation is a question worth investigating. It has been said that the 
Dakota lies too deep. My own diagram (Fig. !•) represents it. 

(3) THE SANDS, SANDSTONES, GRAVELS, CONGLOMERATES, AND SANDY MARLS OF THE 

TERTIARY. 

It has been assumed hitherto that the only chance of obtaining flow- 
ing wells for irrigation in Nebraska was by penetrating to the lower 
membeLof the Cretaceous. But the most cursory investigation reveals 
several levels of "sheet'' water nearer the surface in the porous beds 
of the Tertiary. None of these, it is true, liave as yet proved to have 



* It shoald be remembered that the Dakota is the lower member of the Cretaceous. 
In judging of the depth of the Dakota the lower portion of the space assigned to the 
Cretaceoas in Figure 1 must be referred to. Measures taken from that to the line a & 
win give the approximate depth of the Dakota if there are no subordinate folds as 
lying deep; but this is on the assumption that the observed dip continues far to the 
east from the western outcrop and far to the west from the eastern outcrop. If there 
are any local anticlinals witnin the great synclinal, and sucii a structure is extremely 
probable, in such places the Dakota will lie nearer the surface and may yield valu- 
able flowing wells at moderate cost in regions where the water will be available for 
irrigation. Inasmuch as this is a proved and well known artesian basin, experi- 
ments designed to determine its extent beyond what is now known of it would be a< 
very different matter from blind groping for subterranean waters among unknown 
rocks. 
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the force of flowing wetls iu this State, except a single well near Graw- 
ford( in Dawes Ooanty. Nevertheleiw the Tertiary basin is a very prom- 
iiiiDg one for western Nebraska. The volume of aubterraueaii waters 
is sCrODg and coustant. The upper veins he so near the surface that 




they mav be directly utilized by pumping. Tbo deeper veins rise to a 
higher level, when tapped by bonngs, tliaii llie higher ones, and the 
rrobabiUties are strong thai some of them will How at the Burfatc. 
S. Ex. IB « 
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Most of the geological aod pbyHical couditiobs of artesian wells are fhl- ' 
filled. The rocks lie in basin form. The jxii-ous members are widely 
exposed to receive moisture. The area of the Tertiary is 54,000 sqaare 
tnilea in Nebraska alone, and the catchment area extends into the ad- 
jacent States and Territory, Not leas than two and one-fourth trillions 
cubic feetof water anuaally falls upon the Tertiary in Nebraska. Uuclt 
of the surface upon which it falls is occupied by table-lands, whose 
closed valleys and lagoons deliver to the underfiow all that escapes 
evaiK>ratioit and absorption in organic tissues. The {wrous strata al- 
ternate with impervious clays, uarU, and limestones, which fnrnish 
floor and roof to the water-carriers. The whole series of beds inclines 
gently to the east. 

All these are favorable couditions for flowing wells, and it may seem 
desirable rather to aecoant for the fact that as yet they do not occur 
than to multiply reasons for expecting them hereafter. It is only the 
upper veins that have been penetrated thus far, and these are inter- 
cepted by the erosion of the valleys, which circumstance alone would 
be snfScierit to defeat the accnmulation of pressure. It is possible that 
even the deeiMtr veins are not sufiSciently shut in at the eastern out- 
crop. The eastern rim of the rock basin is low, and the pressure may 
be relieved by outflows there in the form of springs. Again, the floor 
and cover of the water- tiearing strata may not be sufficiently impervious 
to shut in the water and prevent percolation upward and downward 
whenever the pressure becomes considerable. 

Even with imperfect barriers to prevent the escape of the water an<l 
the dissipation of hydrostatic ])rossure, we may still have a flow from 
the Tertiary basin on account of frictional resistance to the flow along 
the dip. The lino of least re.sistauce may be to ascend in an open bore- 
hole against gravity, instead of traversing long distances in strata not 
perfectly porous. 




Fig.V. 

Springs rising in. t^j^ed^asinsam, 

jb. Sprz^Tt^ in Jbe^i of Streeunv. 

But whatever may be the chances for flowing wells, at all events con 
siderable supplies of water course along the permeable beds of the Ter- 
tiary, beueath laud which is much in need of it. The chance of flowing 
wells is good enough to merit further investigatiou and ejcperimeul, 
and, if this chance should fail, tho Wfttevs ar« POt tfto deop t<t b« ^4)0i]t.oiu.' 
k-rtllj' niiNed bj' iniHiliincrj, 
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The presence of sbeet water has beeu demonstrated in all the western 
coaoiries atdeptbH varyiiiK from 50 to 51)0 feet. It always rises con- 
siderably, sometimes uearh to tbc 8irf te I ^^ illiatn ti. Arnold's 
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well, section 18, towDsbip 8 north, range 41 west, the first vein was 
struck at 100 feet, and rose 4 feet ; the second vein at 120 feet, and 
rose 32 feet; tlie third vein at 135 feet, and rose 54 feet, i, 0., the water 
from the lowest vein rose 15 feet higher than that from the highest 
vein. This illnstrates the force of the water in the deeper strata. 

The water-bearing stratum is usually gravel, of which there are nu- 
merous lenticular sheets in the old lake basins, formed in periods of 
transition from land to water, or vice versa. In some cases it is loose 
sand, sandstone, conglomerate or sandy marl which carries the water. 

The supply is reported ^Mnexhaustible" in many places. This only 
means, however, that the wells have so far responded to all demands 
made upon them. Many hundreds of animals have been watered from 
a single well, and in several cases towns of two or three thousand in- 
habitants derive their supply for all purposes from a single well. 

The volume of the springs is as good an index of the amount of sheet 
-water in the rocks as the capacity of the wells, since the springs are 
•formed by the erosion of valleys cutting down to the water-bearing beds. 
In 4, few cases the capacity of these springs has been demonstrated. 
The garrison of Fort Bobinson, in Dawes County, is supplied from a 
single spring, from 50,000 to 60,000 gallons per day being required. 
The pump runs only a few hours each day to raise this amount, and 
when it is running at ordinary speed it does not seem to raise one-half 
the flow of the spring. Oonsidering that the duty of water is fully 
twice as great in Nebraska as in a region completely arid, it is safe to 
say that this spring would irrigate 100 acres of land without storage, 
or 500 acres if the flow during the non -irrigating season were saved by 
storage. Many similar springs exist in the same region. Their rela- 
tion to the sheet water which is tapped by the wells on the table-laud 
is shown in Fig. 4. In this case the erosion has extended below the 
sheet water, and the springs appear on the slopes, and at the heads of 
canons, at a considerable elevation above the streams. In other cases 
the erosion just reaches the top of the water-bearing stratum, and 
springs boil up from the bottom of the river, as rudely illustrated in 
Fig. 5. Fine examples of this are seen in Victoria Creek at New Helena, 
Custer County, and in the North Loup River, where the "Big Spring" 
rises in the channeU-iu section 34, township 24, range 24, in Blaine 
County. The constant volume of the Loup Rivers in spite of drought 
or down-pouring rains, neither of which cause more than a few inches 
less or more water, is accounted for by the existence of such springs. 
These springs in turn demonstrate the strength and extent of the un- 
der-flow. These concealed waters constitute an unsuspected source of 
wealth throughout the whole region of the Great Plains. 

(4) THE SANDS AND GUAVKLS OF THE PLEISTOCENE. 

Copious springs flow from sands or gravels in the glacial drift in 
many counties of eastern Nebraska. In Holt County, just on the border 
line between the glacial drift and the lake sediments of the Tertiary, 
the silted-up valley of the Elkhorn River, including its tributaries firom 
the southwest, presents such alternations of sands, gravels, and clays, 
with small elevated lakes and absorbent sand-hills for storage reservoirs 
(see Fig. 6), as to create a group of artesian wells of great interest and 
of considerable economic importance. About forty wells have been 
put down, the depth ranging from 40 to 185 feet, in a belt of country 
30 miles long running obliquely across the southern part of Holt 
into Wheeler County. Pressure and volume are both only moderate, 
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tbe atrongest wells, which are also the deepest, yielding 12^ gallon.^ 
per miDnte. The whole gronp of wells would irrigate 1,000^ acres of 
land if the water were stored during the non-irrigating season. Land 
of excellent quality lies convenient to receive tbe water. Wliat it 
needs first of all, however, is drainage rather than irrigation. The 
whole valley is water-logged and swampy. Inasmuch as the rain-fall 
is Dot always sufficient or seasonable and the ground water is a detri- 
ment if allowed to stagnate in the soil^ a combiped system of irrigation 
and drainage is required for the complete amelioration of this very 
interesting region. Whenever such a system is inaugurated the value 
of the flowing wells will be more fully realized. The drainage ditches 
vill also be irrigating ditches for the lands below, and the whole valley 
will be enriched and permanent fertility insured. 

(5) THE UNDERFLOW OF THK RIVERS. 

The visible Platte Biver is a conspicuous phenomenon, but the in- 
visible Platte, which is buried from sight in the sands and gravels, is 
probably the larger river of the two. Certainly it excels the visible 
river in the interest it awakens as an impresssive physical fact, and its 
economic importance, is equal to its scientific interest. The same is 
trne of the Republican Biver, and nearly the same of the Big Blue. 
The Niobrara, in that part of its course where it attains considerable 
volume, flows in a rocky bed, and nearly its whole volume is in sight. 
Bat the other large rivers flow in channels excavated in soft material 
and are choked with their own silt to such an extent that a large part 
of the water percolates through the silt in the channel, or among the 
sands beneath the alluvial bottom lands, or spreads even more widely, 
entering the porous beds far beyond their immediate valleys. 

The large towns in the valley of the Platte obtain their supply from 
the nnderflow filtered through sand and gravel, thus becoming as ex- 
eellent in quality as it is practically inexhaustible in quantity. At 
Fremont fifty " points'' driven within a small area, but to different 
depths ranging from 50 to 90 feet, furnish abundant water to the whole 
^ty. The water lies in a bed of sand and gravel 45 feet thick beneath 
10 feet of tenacious clay, which serves both to exclude surface water 
and to confine the underilow, so that it rises nearly to the surface. As 
a test of the capacity of this plant 2,300,000 gallons have been pumped 
in twenty-four hours. The ordinary demand is much less. 

SITHMABY AND CONCLUSIONS. 

(1) The rain-fall of Nebraska, which is the chief source of moisture, is 
Te enforced by a copious underflow, which feeds the springs and rivers, 
and promises to yield, upon further investigation, results of great 
scientific and economic importance. 

(2) The geological structure of Nebraska is favorable to the accumula- 
tion and economic use of artesian waters. The whole series of sediment- 
ary rocks, Carboniferous, Cretaceous, and Tertiary, is bent into a broad 
synclinal and tilted away from the mountains. The porous beds alter- 
i^ate with impervious beds. The water entering these porous rocks at 
a high level flows along the dip and acquires the pressure necessary to 
i^iae it to the surface at many points in the State. 

(3) The known artesian basin of the Cretaceous in northern Nebraska 
Rj^es encouragement to further investigation and experiment with a 
^i6w to determine its extent and value. 
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(4) The largfe Tertiary basin of western Nebraska contains in it» po- 
rous beds sheet water in strong volume and with eonsiderable pressure 
at several distinct levels. It is likely to yield flowing wells in some 
localities, and, at all events, will prove a valuable resource by the aid 
of machinery for raising the water. 

(5) The flowing wells and springs in the superficial beds of the 
Pleistocene are also worthy of notice. 

(6) The chief reliance for irrigation in Nebraska is the rivers. What- 
ever may be the unsuspected value of the subterranean waters, they 
should be reganled only as supplementary to the visible supply in the 
streams. Any future investigation should in my opinion cover the 
whole subject of irrigation, whether the supply of water is to oome from 
visible streams or from the underflow. 

(7) The rain-fall would be sufficient for successfal agriculture id all 
X>arts of Nebraska if it could be relied upon to come in season. But 
owing to its occasionally spasmodic character irrigation is needed to 
insure certainty and abundance of agricultural products. With suflicient 
moisture the soil is highly fertile. 

(8) Extensive irrigations continued for a series of years and the 
growth of trees would tend to mitigate the violence of storms, to pre- 
vent destructive hail,. and to equalize and distribute precipitations, so 
that crops might be produced with certainty each year. 

(9) The cost of producing a change so widely beneficial ought not, it 
seems to me, to fall entirely ux>on individuals. 



REPORT OF P. H. VAN DIEST, C. E., ON THE GEOLOGICAL 
CONDITIONS OF ARTESIAN BASINS IN EASTERN COLO- 
RADO AND NEW MEXICO. 



DKSCRTPTION OT THE DIPFERENT STRATA OOOURRINa IN EASTERN 
COLORADO AND NEW MEXICO, WITH SPECIAL VIEW AS TO THEIR 
PERMEABLE OR NON-PERMEABLE CHARACTER. 

The representatives of the great geological divisions in the area 
named are the Archaean, the Carboniferous, the Trias, the Jura, tbe 
Cretaceons, the Tertiary, and the Quaternary. 

The Silnrian rests only at a few places and for little extent upon the 
Aiehaean, near Glen Eyrie, west of Maniton, near Turkey Creek, and 
northwest of Canon City. The formation is represented as coarse 
sandstones, covered by arenaceous limestone and capped by yellow- 
gray limestone. 

The first appearance of the Carboniferous in Colorado as resting 
immediately upon the Archaean is at Perry Park. Thence from the 
bead of Huerfano Biver the Carboniferous rests upon the Archaean to 
the soath boundary of Colorado, In New Mexico, the formation ap- 
l^ears again westerly of the road from Mora to Las Vegas, where it in- 
creases in thickness and importance; thence in a narrow belt from 
tbe intersection with the New Mexico bas^ line southwards to the Texas 
boundary, where it appears to gain greater development. 

In Colorado the Carboniferous appears as reddish and gray sand- 
stones witli intercalated beds of clay of varied thickness, sometimes 
maroon or deep purplish-brown sandstones, quartzites, and congloni- 
emtes and occasionally limestones with chert These strata reach in 
plaees near the south boundary of Colorado a thickness of 6,000 feet. 
In New Mexico the thickness i^ not much over 3,000 feet, of which 400 
feet are limestones. 

The Trias rests immediately upon the Archiean in all Northeastern 
Colorado. It has there a dip ranging between SO'^' to 40o to the east. 
Below Perry Park it is missing as a regular outcrop, except for a short 
<liHtance, resting upon the Silurian, as at Turkey Creek, or upon the 
Carboniferous, as at Manitou. 

Prom Albuquerque southerly to the south boundary of New Mexico 
the Trias gets an important development, resting without interruption 
on the Carboniferous. Dipping there to the east its strata soon become 
nearly level and occur as such in the Pecos Valley; also more exten- 
sively south of the Canadian to the Staked Plains, only interrupted by 
iHoiate^l mesas of Cretaceous age, which have withstood erosion. 

The Trias is generally designated as the red beds. The lower grou]) 
bag in Northern Colorado a variable thickness approximating 1,500 
f*Bet, and is composed of massive beds of red and pinkish sandstones 
and conglomerates, with very little argillaceous matter, capped by a bed 
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of white qaartzose saudstoue. The upper group averaging 600 U 
thickness is composed of fine-grained, brick-red sandstone and sh^ 
with thin intercalatioAs of limestone and variegatod clays^ with la^ 
of gypsnm, capped with a thiu bed of pink sandstone. 

The Jura follows the Trias rather persistently. It consists of a 
of drab, marly clays 130 feet thick, covered by sandstones and clay( 
a thickness of 60 feet. 

The Cretaceous strata crop out everywhere along the foot-hills fi 
Northern Colorado to the south of Kew Mexico and all over .the plai 
where it is not concealed by Tertiary and Quartornary deposits, 
formation is divided into the Dakota, the Colorado, the Montana, 
the Laramie. It-s basal member, the Dakota, forms prominent li| 
backs standing up in sharp ridges. In Colorado it is essentially a si 
stone 200 to 300 feet in thickness. The lower bed is a conglomerate 
quartz pebbles, jasper, and chert, with a siliceous cement. In 
Mexico the Dakota gets more prominence and swells to a thicknesf 
1,700 feet, with a bed of shales and impure limestone of 600 feet thij 
ness between the sandstone beds, one of 350 feet thick underneath 
one of 750 feet on top. The Dakota is in Northern Colorado east of 
mountains interrupted for a mile north of Golden, where the Laxai 
sandstone approaches to within a tenth of a mile of the ArchsBan, thei 
south of the divide between the Platto and Arkansas for several mi] 
westerly of Palmer Lake, where the Laramie and the Monument Cn 
beds rest upon the Archsean, and again for a short distance south' 
Colorado Springs, near Cheyenne Mountain, where the Colorado O^ 
taceous rests upon the Archsean. 

The Colorado overlies the Dakota with a bed, very constant iD thi< 
ness in Colorado and New Mexico, of 400 or 500 feet of black clayi 
the Fort Benton division — and a bed of 300 feet of white limesl 
and silici-calcareous shales — the Niobrara division. 

The Montana varies largely in thickness. Its maximum is over 8,< 
feet. In general the strata thin out towards the plains, as the borii 
at Fort Lyon and Cheyenne Wells have demonstrated. In New Me: 
the Montana appears to have less thickness than at some places in C< 
' rado. The formation is to within a few hundred feet of the top a serj 
of drab shaly clays only once interrupted by a band of quartzose sai 
stone, which in the borings at Greeley, and probably also at JEtaton, wi 
struck and furnished the water rising in those wells. The top layi 
are more arenaceous, although they maintain a shaly character. 

The Laramie, a brackish water sedimentation, follows the marine 
middle Cretaceous as a closing member. It has undoubtedly its greab 
thi(ikness of several thousand feet in Wyoming. In northeastern Col 
rado its thickness does not exceed 750 feet. In southeastern Oolora< 
and northeastern New Mexico its thickness is about 1,800 feet. Tl 
Laramie has at its base a heavy-bedded sandstone generally 200 ft 
thick, thence drab, white, red, or green clays alternating with layei 
of sandstone and coal, and at its top, in the southern field, sandstone 
The extent of the Laramie eiist of Denver is approximately limited 
the 5,000 contour line on the map, because beyond that line easter] 
the Montana clays and shales occur. 

in wells and in arroyos denuded of loess, southwest of Colon 
Springs, a patoh appears near Canon City. Thence south of the Hu< 
iano it gets again a large extent, which has its southern limit at tl 
Cimarron Creek, in New Mexico. South of that point it appears oul 
in small patches in New Mexico, as for instance near Galisteo. 

Uncontormably upon the Laramie rest, near and south of Deuv< 




S Ex-g^g.^^- 51 1 



ARTESIAN WELLS. 89 

several beds of the Miocene Tertiary. The lowest bed is named by 
Mr. Eldridge the Arapaho. It varies in thickness between 600 and 
1,200 feet. It has a basal member of conglomerate or gritty sandstone, 
according to its distance from the foot hills, with overlying gray argil- 
laceous or arenaceous shales. 

Above these are strata of alternating conglomerates, grits, sand- 
stones, sandy clays, and clays, named by Mr. Cross the Denver beds. 
Tbey have a maximum thickness of 1,400 feet. In the city of Denver 
tbe thickness is not mnch more than 30 feet, as borings have shown. 
All these strata are of andesitic nature. Above the Denver beds are 
found the Monument Creek beds, which get a great extent and a thick- 
ness of aboat 1,500 feet near Colorado Springs. Their eastern limit is 
on the map coincident with the 6,000 contour line. 

Iq the Huerfano basin near Badito, Mr. B. C. Hills discovered expos- 
ures of Eocene beds of a thickness of nearly 7,000 feet, composed of 
sandy clays, marls, greenish sand, soft sandstones, and conglomerates 
with occasional beds of yellow day. Exposures of limited extent of 
Pliocene age occur above these Eocene beds near Badito, consisting of 
coarse conglomerates and sandstones. In northeastern Colorado, Plio- 
cene sandstones occur between gentle plications resting upon Montana 
beds. The buttes north and south of Sterling are such sandstones. 
Near to the north boundary of Colorado whitish marls occur. The table- 
lands north and south of the North Fork of the Republican are com- 
posed of grits, containing siliceous, calcedonian, and andesitic pebbles. 
Iq eastern New Mexico the Oalisteo group of Miocene age appears from 
Lamy Junction to Ortiz, and consists of a dark-gray breccia, covered 
by soft, light- gray sandstones, together 200 feet thick. The Pliocene 
Santa ¥6 marls are marly limestones and clays, hardly 20 feet thick. 

The Quaternary covers a large portion of east Colorado. It appears, 
^here not removed by recent erosions, as a mantle of fine earth vary- 
ing in thickness from a few feet near the foot-hills to over 200 feet thick 
near the Kansas line. In Nebraska it appears to become nearly 300 
feet thick. In general this material resembles the loess of the Missis- 
sippi, the Bhine, and the W^i in northern China, where it has, as de- 
scribed by von Richthofen, stupendous extent and thickness. It is 
bere classed as Quaternary, but it remains yet a matter for settlement 
whether it shall be so classed or more correctly with the Pliocene Ter- 
tiary. The color near the surface is an ashlike brown which becomes 
gradually lighter until it is nearly white near the State line. The lower 
portions are often stained with calcareous matter, and nearest to the 
foot-hills large amounts of rounded stones occur in the basal layers, 
la the eastern portions of the State the fine silt brought down from 
sorrounding slopes form over small areas a sufficiently impervious layer 
to hold water, thus creating the many ponds found near the Kansas 
and Nebraska line. They are shown on the accompanying maps with 
the adopted signs for such water-holes. 

This loess-like formation is in general very porous and absorbs water 
readily. 

^Eolian sand hills are observed at dififerent places in the most north- 
eastern part of Colorado, east of the South Platte River. Also near 
the soatheastern border of the State are many shifting sand hills. 

Id New Mexico, west and east of the Pecos, the surface appears to be 
covered with a similar mantle of quaternary, or, perhaps, late tertiary, 
^^posits, which on the staked plains has considerable thickness. 

The foregoing will have conveyed the impression that the surface of 
Eastern Colorado and a large portion of Eastern New Mexico is of a 
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predominant sandy and pervious nature. This is not only the case on 
the plains, but also in the foot-hills, with the exception of the outcrops 
of the Middle Cretaceous. The pervious layers in the foot-hills are in 
general so steeply upturned that they cover but a limited collecting 
area, consequently they cannot carry to the subsoil great volumes to 
be tapped by artesian wells. The confining beds are all that can be 
desired as to imperviousuess and resistance of pressure in formations 
below the Laramie, but, with a few exemptions, they carry the water 
strata confined between them too far below the surface of the plains in 
Colorado to be available for agricultural purposes. That is certainly | 
the case with the water-layers confined in the Dakota and Trias, unless 
in limited localities these should yield strong flows of artesian water, as 
is true in a large area of the two Dakotas, where the Dakota sandstone 
is the reservoir source of large wells. 

The Montana beds which, in eastern Colorado, east of the 5,000 con- 
tour line, are found immediately under the loess are nearly all imper- 
vious, and have a great thickness above the thin layers of sandstone 
occurring between the shales. These sandy layers show rarely in the 
foothills, except in natural and artificial cuts, and they can collect and 
hold only an insufficient supply of water. An example of a very limited 
supply in these Montana beds are' the wells at Greeley. When one 
well was pumped all the others stopped their flow. 

The clays of the Laramie and the Tertiary, where they show upturned 
edges, appear to be very variable in thickness and character. These 
confining beds are at many places leaking layers, as some borings have 
shown, and they are sometimes covered by a semi-pervious satunited \ 
strata, which often acts as a confining agent and, although far away ; 
from the collecting upturned edge, aid in giving pressure and volume 
to the well. 

DESCRIPTION OF ARTESIAN BASINS AND SEMI-BA.SINS, THEIR GEO- 
GRAPHIC POSITION AND EXTENT. 

 

The knowledge of the extent and direction of anticlinal axes of ])li- 
calious and undulations of the strata is essential to the study and the 
outlining of artesian basins. On the accompanying maps are place<l 
such anticlinal axes as are known to exist with certainty. 

Interdepeudency of topography and geology is in eastern Colorado 
and New Mexico very marked. It is therefore to be regretted that a 
contour line map of eastern New Mexico does not exist, because such 
a map would have aided materially in delineating the bounds and the 
extent of basins with more accuracy than could be done in this reiK>rt. 
Still more it is to be regretted that the time given for preparing this 
report was too short to allow the visiting of places indicative of subter- 
ranean basins. Consequently the following description of basins is, 
with the exception of the Denver basin, very incomplete, merely sug- 
gestive for further investigations as to the necessary requisites of 
artesian basins. 

Near the north boundary of Colorado, principally in the vicinity of 
the Big and Little Thompson creeks, are observed several anticlinal 
axes, which are the consequence of the ^'en echelon'' structure of the 
strata. East of Greeley occurs a gentle anticlinal axis. Between 
these axes a basin of some extent may be expected, and the upturned 
edges at one side at least being considerably higher than the basin, a 
sufficient fountain head may exist. 
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Tbe Cache La Poudre Creek follows such a trough with a northwest 
aud southeast fold, which extends to and beyond Greeley. 

Near Fort Collins the Trias^ lies at not too great a depth below the 
surface, and good water may there be obtained but of the generally 
soft and porous sandstones of that formation. In Greeley wells have 
to go considerably deeper to find these strata than the depth attained 
in the seven wells bored there, and the one at Evans to a uniform depth 
of 1,160 feet, obtaining water from a 10- foot seam of soft sandstone of 
Cretaceous age. Water is scarce in the lower horizons of the Cretace- 
ous formation and laden with soluble salts and often contaminated with 
oil. North of Greeley, along the valley of the Lone Tree Creek, at lesJi 
depth, purer water may be expected out of the Laramie, with probably 
sufficient pressure to rise to the surface. Gentle folds exist andoubtedly 
east of Greeley, of which the axes follow the Bijou, the Braver, the 
Pawnee, etc., but there the Middle Cretaceous is very thick, as borings 
at Otis have demonstrated, and if water may be found at great depth 
it is not likely to have pressure enough to rise to the surface. If water 
there is reached by deep borings it will not have the volume that is 
found everywhere in that region in the pervious strata lying at the 
base of the loess-like formation on top of an impervious floor of Mon- 
tana shales. 

The Tertiary beds which occur in that region are practically horizon- 
tal, and thus miss one of the n^quisites of pressure. The water that 
sinks in these hills appears on the surface as springs, for instance those 
near Fremont Butte, or sinks in cracks to deeper strata. Longmont 
and surrounding country appear to be in the same artesian condition 
as Greeley, 

The Platte valley from Sedalia to Platteville is, in eastern Colorado, 
in the most favorable condition to secure artesian water under pressure. 
There, between the foothills and the anticlinal axis directly west of 
the Box Elder Creek, is formed a basin, which on the south is limited 
by elevated country. It is not an ideal basin, closed in on all sides by 
upturned strata, but of a horseshoe shape, its curve extending from 
the base of the Laramie formation along the south banks of the St. 
Yrain and Boulder creeks towards Golden, southerly to a mile and a 
half east of Morrison; thence south and southeasterly to Sedalia; 
thence northeasterly, crossing Coal Creek towards the Box Elder. 
This line connects points 5,650 feet above sea level, and is from 300 to 
400 feet above Denver. The greatest width of the Denver basin is 
nearly 30 miles, and its length about 55 miles. In the following chap- 
ter this basin, its capacity and peculiarities, will be more fully de- 
scribed. 

South of the divide, between the Platte and the Arkansas, is a nar- 
row elongated basin, in a fold of which the Monument Creek is the 
axis. The creek runs over Laramie strata, which at one side at least 
has upturned edges, high enough above the valley — from 400 to GOO 
feet — to insure pressure. This basin extends to Colorado Springs, 
which point, however, is located below the Lammie outcrop. There 
artesian water having some pressure must be expected from strata be- 
low the Colorado group, 700 to 800 feet below the surface. Following 
the Fountain qui Bouille to Pueblo, the depth to a water-bearing strata 
will increase and pressure decrease. 

The Pueblo basin follows the Upper Arkansas. In Pueblo borings 
have, at depth of 1,400 feet, penetrated the Jura, obtaining an impure 
water, under -good pressure, out of one of the upper sandstone layers 
of that formation. 
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East and a little north of Pueblo a gentle anticlinal axis has been 
observed coursing eastward to the State lines. Gentle undulations, 
running north and south, branch at intervals from this anticline. Deep 
borings between those folds may reach water in the Trias, but it is 
doubtful if there will be sufficient pressure to reach the surface. The 
wells bored at Cheyenne Wells to 1,770 feet depth were not successful, 
and the report of Messrs. G. A. White and S. Aughey on the Fort Lyon 
well is not encouraging to exx>ect much benefit for agricultural pur- 
poses of wells in that region. 

Gardner, on the Muddy Greek, a branch of the Upper Huerfano, is 
the center of a small Tertiary basin occupying a syncline between the 
Wet Mountain and the Sangre de Gristo anticlinal axes. 

East of the Wet Mountain anticline the Cretaceous gets great devel- 
opment, and the chances to find there a good artesian supply again be- 
come doubtful. 

The chances for locating artesian basins, at least semi-artesian ba- 
sins, are in eastern New Mexico perhaps a little more favorable than 
in eastern Colorado. Several anticlinal axes running from the mount- 
ain ranges towards the plain, divide the country near the foot-hills 
in troughs which may contain water under sufficient pressure to rise to 
the surface. The supply can be expected out of the Dakota sand- 
stones, which are more porous and more divided by confining clay beds 
than its representative in eastern Colorado. The Trias also lies at 
many places not so deep under the surface as in eastern Colorado ; and 
in other places, as Las Yegas, Pecos, La Ouera, good water can be ex- 
pected out of the Carboniferous sandstones. 

Small basins can be expected along the Cayotte Creek , also one be- 
low La Cuera, along the Mora Greek, to the canon of the Mora. A 
possibility exists that farther east, along the Ute Creek Valley, although 
with feeble pressure, water may be obtained. On the Canadian plains 
basaltic dikes cut off the drainage too much to expect a sufficient sap- 
ply in wells. 

Las Vegas is situated in a basin that has upturned edges, westerly, 
at considerable height above the valley A well bored in Las Vegas 
reached at 1,600 feet depth a flow that rose to the surface. In the 
Upper Pecos Valley, from Pecos to San Jos4, water can be expected to 
rise to the surface. The valley lies in a syncline between two anticlinal 
axes. The formation is Carboniferous, and on each side is the Archaean. 
The fine park south from Galisteo might be supplied by artesian 
water, for it would receive the drainage from the hills stretching east- 
ward, in which the rocks dip towards the park. South of this pitfk, 
towards Punta del Agua, a basin may be found, hemmed in by out- 
crops, dipping on one side to southeast and on the other to northwest. 
The upper valley of the Cienega del Macha follows the axis of a syn- 
cline, the fountain-head being formed by upturned strata on the west 
and south, and dipping northeasterly. North of the Bio Hondo a small 
basin may exist, which is bounded on the west by hills which show up- 
turned Trias beds. # 

At Lincoln, in the Fort Stanton military reservation, water may be 
found in a patch of Carboniferous sandstones between a break in the 
Archaean. 

Although on the west side of the Bocky Mountain Divide, and thus 
beyond the limit of the artesian investigation, I wish to call the atten- 
tion to the possibilities of obtaining artesian water in the Taos Valley, 
Jemez Valley, the Pueblo Laguno, on one of the valleys of the Sia 
Jose^ and also in the country of which Hillsborough is the center* 
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BETAILBB STATEMENTS ABOUT THE DENTEB BASIN. 

The approximate limits of this basin were given in the previous chapter. 
The east and west borders are well defined. The extent north and south 
not so well. So it may be that a narrow neck of the trough extends 
several miles farther south than Sedalia, where the Laramie comes to 
the surface with a dip north. The basin has a trend from northeast to 
southwest. On the northwest side the Laramie gets considerable ex- 
tent. Near Boulder that formation is interrupted by displacement of 
older strata^ as the consequence of faulting in that region. 

Southerly the Arapahoe is found over the whole width of the basin, 
and reaching to a line 5 miles north of Denver, where, near Clear Greek, 
the Denver beds appear. At that latitude a piece of Laramie wedges 
between these two Tertiary beds and reaches nearly the right bank of 
the Platte. 

South of Denver Oity the Denver beds get their largest development, 
reaching to 13 miles south of the center of the city, where they are over- 
laid by the younger Monument Greek beds. Near the mouth of Plum 
Creek these Monument Greek beds are found joining a small western 
exposure of the Arapahoe beds. 

The accompanying section from Golden through Denver to near Box 
Elder Greek gives an idea of the position of the above-describ^ strata 
across the basin. Some of the wells situated along this line are repre- 
sented on this section. 

Two sandstone layers are found rather persistently under the city of 
Denver. These layers bear water of sufficient hydrostatic pressure to 
insure a regular supply without pumping. They have a depth below 
the corner of Lawrence and Sixteenth streets of 375 and 600 feet re* 
spectively. Other wells located east and at higher points strike these 
layers so much deeper than the depths already given as is their differ- 
ences in altitude from that of the initial points named. This indicates 
that the strata are level under Denver, at probably the deepest part of 
the basin. Besides these two rather persistent beds several others occur 
at less and at greater depth, but they are very variable in extent and 
thickness. Some wells have met six or seven sandstone strata with 
water under pressure in them above the 375-foot layer ; others located 
at short distance met only one or two or none. 

The pressure even from these two generally permanent seams varies 
greatly. One well reaching these strata will have a pressure of 25 
pounds, while another near by, at the same level, will have but half or 
double that pressure. In some localities, for instance in that part of 
the city where most of the breweries are located, and again near Argo 
Park, the flow of each well is about the same, and none appears to have 
been affected by another. In other localities, for instance near the 
work of the Denver Water Gompany, this condition is quite different. 
One well was sunk to a depth of 590 feet, giving a flow of 95 gallons per 
minute. When a second well was sunk at a distance of 250 feet the 
first one was reduced one- third in capacity. A third well near by re- 
duced the flow from the other two, so that the aggregate flow of the 
three wells is about the same as obtained from the first. In some locali- 
ties, for instance section 1, township 4 south, range 67 west, the layers 
found open and giving a good flow at one well are found so tight at a 
short distance in another well that hardly any water is encountered, 
and what there is does not rise to the surface. 

This is all due to the non-homogeneous character of the sandstones 
in the Arapahoe beds, and also to the variubility in character and 
thickness of the confining layers in the beds. 
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In the city of Denver only one well, the court-house well, has at- 
tained a depth of 930 feet, and has reached the Laramie formation. It 
is very likely one of the top sandstone layers, which are often stained 
with iron and give the water an inky taste. There is hardly any doubt 
that the basal sandstone of the Laramie lies about 1,500 feet below the 
city ; in other words, the Montana shales will not be reached before a 
well has obtained that depth. It is also very probable that when this 
depth is reached a large supply of water can be expected in these thick 
sandstone layers. These .layers are fed by numerous streams and rivu- 
lets nearest to the mountains, and crop out at somewhat higher altitude 
than the Arapahoe and Denver beds, and have consequently a higher 
fountain head. That soft water can be expected in these basal sand- 
stones, of the Laramie is demonstrated by a well in section 12, township 
1 south, range 70 west, six miles easterly of Boulder. The last coal 
seam, 5 feet thick, was struck in that well at a depth of 124 feet, then 
followed 25 feet clay and 208 feet of sandstone. A goo<l flow of soft 
water was obtained from this sandstone bed. Some dry coal mines in 
Boulder County obtain water by drilling through the shale under the 
coal veins and into sandstone. 

It is very difficult to make an estimate of the total quantii^ of water 
l)eing supplied by the artesian wells in the Denver basin. The count- 
ing together of the stated capacity of the existing wells would give a 
very questionable aggregate. The wells are generally measured only 
once, directly after completion, when causes of decrease in flow had not 
any eflect on the well. These causes are : 

First. The filling and clogging up with sand of the often poor casing. 

Second. The filling of the pores of the strata with silt, brought along 
with the water, which, relieved of pressure, is rushing to the well from 
all directions. 

Third. The tapping of the same water-bearing stratum by later- bored 
wells, often more advantageously located. 

Most of the wells, in the country especially, are not flowingcontinuall^'. 

The sum of the stated capacities may reach 4,200 gallons per minute, 
but the total quantity supplied can not be more than half, or 282 cubic 
feet per minute. 

Very little of this water is used for Irrigation. Some instances are 
rei)ort<'4 where artesian water in the Denver basin is used for irrigating 
fruit trees and vegetables. Manufacturers, breweries, laundries, and 
hotels use the water nearly exclusively, and consume the greatest por- 
tion of the water which rises in the Denver basin to the surface. If 
most of the wells were not located in and near Denver, and if it hap- 
pened that there was no city of Denver, so that all the water rising in 
all the wells to the surface could be applied for irrigation, then the 
above-estimated amount would be sufficient for irrigating 420 acres, 
counting on the average need of 1 cubic foot per minute for every 1^ 
acres. 

If, during the time in which no irrigation is needed, the supply of the 
wells could be stored in reservoirs, and if deep borings drew on lower 
water-bearing strata, the total quantity of supply for irrigation could 
be probably doubled, but even under such favorable circumstances the 
artesian supply could irrigate only the one six-hundredth part of the 
area of the basin, which is very near 1,000 square miles. 

It is almost a certainty that none of the other basins in eastern Colo- 
rado and also in eastern New Mexico can i)roduce a larger artesian 
supply than the Denver basin. What is known of these basins places 
Vbeui^ as to tb^ cbm^Hiter of watur-boariu|; str^ta^ collecting ^reH} mid 
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quality of the water, in a less favorable coudition than the Denver 
basin. 

West of the Eocky Mountaips is located in Colorado a basin gen- 
erally known as the San Luis Valley basiu, where the artesian welb 
are likely to become an aiding factor in the irrigation problem of that 
region. 

It is said that there are wells which reach at a relatively shallow 
depth a water-bearing stratum which gives the well a flow of nearly 
1«000 gallons per minute. This San Luis Park appears formerly to have 
been an extensive lake, formed by Tertiary basaltic flo^s, damming off 
the Bio Grande and tributaries at a point some 15 miles south of the 
Colorado boundary line. Similarly formed basins, although of smaller 
extent, may exist in New Mexico. 

SUBTEBBANEAN FLOWS WITHOUT HYDEOSTATIC PBESSUBE. 

By subterranean flows without hydrostatic pressure is meant the 
accumulation of water in the lower strata of the Quaternary or late Ter- 
tiary deposits, which cover to such a large extent the plains of east- 
em Colorado, and also much of the plains of New Mexico. It is that 
portion of the water from the surface that is in excess of the absorbing 
powers of the sandy surface over which it flows. Some of the water 
that sinks in this loess-like material comes in the form of springs at 
favorable spots to the surface, but this, at least in eastern Colorado, 
is a small portion of what sinks to a depth of from 10 to 250 feet under 
the prairie to find its way to rivers east of the State. This amount 
thus subtracted from the soil is very great, and far in excess of what is 
collected at the pervious rims of artesian basins. 

It is stated on good authority that at Platteville a stream of water 
flows audibly 30 feet below the surface in a northwesterly direction, and 
where this stream is intercepted by dug wells the water rises to within 
5 feet of the surface. 

The South Platte, in Weld and Morgan Counties, swells suddenly 
at several points, and increases in volume without visible side flows. 
Well-diggers state that everywhere in northeastern Colorado water is 
found at varying depths, which by pumping appears to be almost inex- 
haustible. A certain Mr. Williams, a well-digger, says that he never 
Htruck a point in eastern Colorado where he could not find water, while 
he did fail in Nebraska and Kansas. He thinks that in these States 
the underground water runs in veins, while in Colorado it is in sheets. 

The depth of this underground water diff'ers with the thickness of 
the loess-like formation, with the sands or gravels beneath, reposing 
on an impervious floor of shales and clay. In northeastern Colorado it 
is thickest, reaching in places a thickness of 250 feet, and generally 
deposited on Montana shales. Along the Arkansas, in Bent and Prowers 
Counties, the loess reposes generally on Fort Benton shales, and is from 
40 to 100 feet thick. In Baca County, in the southeastern corner of 
Colorado, the Quaternary deposits are less thick, from 20 to 75 feet. 

In New Mexico, under ground, water is reported to be found at depth 
varying from 10 to 50 feet below the surface, over enormous areas, in 
inexhaustible quantities. 

Eastern Colorado has a good supply of springs. Many of these 
springs are not affected by dry or wet seasons, and have a constant flow. 
The water of some of tUem rune only f^ QbQrt distance^ tQ SlHk agaiu ja 
the widy (41hv|{^ 
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It is difficalt to estimate the capacity of these springs. Some springs 
in New Mexico discharge enormous volumes of water. North Spring 
Biver, a tributary of the^Eio Hondo, is, at 60 feet from the spring which 
creates the river, 40 feet wide. Springs in the San Luis Park, Colorado, 
have been measured. It is said that one spring there delivers 12,000 
gallons per minute. It demonstrates that a large portion of the rain- 
fall disappears in the porous soil that covers the plains. XTsually once 
a year only the rains are so copious that arroyos are formed, and 
that the drainage beds carry water for a short period,. The creeks 
and gulches are nearly always dry. The greatest part of the yearly 
rain-fall sinks quickly in the soil, hardly leaving time for evaporation 
to return a portion to the clouds and to the scanty vegetation to absorb 
another portion. In the winter more will evaporate of the snow-fall 
than of rain-fall in the summer, but a great deal of the snow sinks in 
the ground, often so rapidly that the process can be watched. 

It is not an exaggerated estimate that half of the rain-fall in eastern 
Colorado, and probably also in eastern New Mexico, sinks into the 
ground. In eastern Colorado this will not be less than 5 inches over 
an area of 32,000 square miles, which is equal to 784,080 cubic feet of 
water disappearing over that area per minute. If this amount could 
be redeemed from the subsoil it would be sufficient for the irrigation 
of 1,200,000 acres, or one-seventeenth part of the above-named area. A 
considerable amount of this subterranean water could be utilized by 
pumping it to the surface as is here and there done, but until now this 
is being done only on a very limited scale. The air currents generally 
present on the plains could be made to move pumps to raise the water 
where desired. Wind is a cheap and powerful motor. It is not always 
at command, but many of the dry ponds on the prairies could be changed 
into reservoirs to hold the surplus water pumped during windy days. 

The plains of eastern Colorado and New Mexico could be dotted 
over with wind-mills to keep the water on the land, as the '^polders" 
in Holland are dotted with wind-mills to keep the water from the land. 
A little calculation would show that the outlay for digging a well and 
putting up a wind-mill is not greater than the cost of boring an arte- 
sian well to a depth of 800 and 1,000 feet. 

An artesian well even within the limits of a recognized basin is not 
always successful, and to get sufficient water often the well, although 
flowing, must be pumped. It is the general impression that an artesian 
well needs no attention, that it is a boon for always ; but this is not the 
case. It requires often costly cleaning of clogged up sand and renew- 
ing of packing and casing to maintain a constant flow. 

DISCUSSION OF THE QUESTION AS TO WHETHER WATER FROAI AR- 
TESIAN WELLS AND UNDERGROUND PLOWS MAY IN THE FUTURE 
BE A LARGE OR UNIMPORTANT FACTOR IN THE WORK OF IRRI- 
GATION. 

The artesian flows are means of transfer of water from humid regions 
to more arid tracts. 

The advantages of such transfer over transfer of water in irrigating 
ditches ape : That it costs nothing; that there is no loss by evaporation 
and seepage, and that the supply is uniform and practically independ- 
ent of a dry season. The hydrostatic pressure forces the supply to a 
point where the water is needed, provided a communication is made be- 
tween the underground flow and the surface. 

If the depth of the water supply is not too great, the cost of boring 
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will in many cases be less than the cost of bringing the water by long 
ditches to the land. 

The limit of depth to whiqh boring for water can advantageously be 
undertaken is largely dependent on the amount of supply that can be 
obtained and on the kind of crop that can be raised on the land to irri- 
gate. It can pay to bore to a considerable depth for irrigation of fruit 
trees and garden truck when the flow is small, while for raising wheat 
it may not pay to bore at a moderate depth even when the flow is 
large. 

The utilization of artesian flows has a great disadvantage in the many 
requisites of a flowing artesian well. Only at a few places in eastern 
Colorado and New Mexico these several conditions are so happily com> 
bined that artesian wells are cheaper means of irrigation than by later- 
als from ditches. Another drawback is that artesian wells must neces- 
sarily be bored at lower levels than the collecting area, and conse- 
quently are not beneficial at points higher located than can be reached 
by ditches. On these grounds the artesian well can never become a 
very impojrtant factor in irrigation in Colorado and New Mexico, but it 
may be in many places a great benefit when the water supply from 
other sources is small. 

In eastern Colorado, where the climatic conditions and the soil limit 
agriculture to cereals, an artesian well does not give a sufficient supply 
for so large a tract as such a culture requires to become profitable. It 
iSy however, an excellent auxiliary to the efficacy of the ditch. The 
farmer who has an artesian well in addition to his di£ch lateral has an 
advantage over his neighbor similar to the advantage in the time be- 
fore the opening of the ISnez Canal of the Indian merchantman with 
auxiliary steam-power over the sailing vessel for weeks becalmed 
within the tropics. - 

The utilization of underground flows without hydrostatic pressure is 
not so limited as the utilization of true artesian flows. The collecting 
area of this kind of subterranean flows is in eastern Colorado and New 
Mexico vastly greater than of artesian flows ; they occur at less depth, 
and although they have but feeble or no pressure and must be raised 
artificially to the surface they can be forced in great volumes to points 
higher than ditches ftom neighboring streams could reach. The possi- 
bilities of bringing productiveness to a large area of arid land by the 
utilization of these underground flows are great. They may become in 
the future very important factors in the work of irrigation, and deserve 
a closer and more detailed investigation than the very limited time of 
the present investigation allowed to devote to this problem, 

S. Ex. 22 7 



REPORT OF PROFESSOR E. T. DUMBLE, STATE GEOLOGIST OF 
TEXAS, ON THE EXISTENCE OF ARTESIAN WATERS WEST 
OF NINETY-SEVENTH MERIDIAN, ETC. 



In answer to yoar request of May 2, 1890, for a statement as to the 
existing artesian water conditions of that portion of Texas west of the 
ninety-seventh meridian and north of San Antonio, I take pleasure in 
famishing you the results of my investigations in this direction. 

The part of the State covered by your request includes four topo- 
in*»phic divisions. First, in its eastern part we find a small area of the 
Gnlf coast formation followed by the plateau of Grand Prairie. From 
the northern and western scarp of this plateau the Central Basin region 
stretcher away west to the Gaudaloupe Mountains^ beyond which we 
find the mountain region of Trans-Pecos, Texas. The approximate 
boundaries and extent of these regions are shown upon the map accom- 
panying this report. The small exposure of the Gulf coast formation 
in the southeast comprises beds belonging to the Upper Cretaceous and 
Tiower and Middle Tertiary, but they are so limited in area that, as re- 
gards this report, they do not need description. 

The Grand Prairie plateau is a marked topographic feature of the 
State. Beginning at Bed Biver it extends in a gradually widening belt 
to the south until its western border meets the Colorado in Lampasas 
County, from which point it is contracted rapidly until it finds its nar- 
rowest exposure in crossing the river in Travis County, north of Austin. 
From this point west it broadens rapidly, until it is merged into the 
mountainous Trans-Pecos region. Its height above the country on 
either side is variable. On its eastern border, from Bed Biver to the 
Brazos, there is not that abruptness of separation which distinguishes 
it at other places from the upper and lower formations. 

The western and northern edge of the Grand Prairie is, generally 
speaking, topographically higher than the eastern and the southern, 
and the dip of the beds is very gentle towards the southeast. The rock 
formation of this plateau belongs to the Lower Cretaceous series, and 
consists of a great thickness of limestones and chalks, magnesian, are- 
naceous and even argillaceous in places, which is underlaid by a bed of 
Hands, the outcrop of which is shown on the accompanying map by hori- 
zontal hachures. The boundaries of this bed between Bed Biver and 
the Colorado are as accurate as the scale of this map will allow, but 
west of that point the probable location is all that is attempted to be 
shown. 

This bed, the Trinity or upper cross-timber sands, is the base of the 
lower Cretaceous system and is the great water-bearing bed east and 
f^onth of the central basin. In its many exposures and from the material 
bronght up ft'om it in boring, its composition is shown to be clear white 
grains of quartz, sligHtly rounded to much worn, containing a few grains 
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of red and black chert It is, for the most part, practically free of solu- 
ble mineral matter, and the water derived from it is often of excellent 
quality. 

The favorable conditions for artesian water supply in the district un- 
derlaid by this water-bearing bed are fully proved by the great number 
of existing wells throughout the entire area east of the Trinity sands so 
far as this report extends. In nearly every county between the ninety- 
seventh and ninety -eighth meridians and east of this ontorop, artesian 
water is obtained in wells varying from 200 to 2,000 feet. That it is 
equally favorable to a similar supply in its southern portion is shown 
by the line of great springs or natural artesian wells, which find their 
head in it and stretch from Williamson County southwest by Austin, 
San Marcos, and New Braunfels towiards the Pecos. These prove that 
artesian conditions exist, and there can be no doubt that wells bored in 
suitable localities will prove successful. 

West of the Grand Prairie plateau we find the central basin region, 
which is principally occupied by strata of the Paleozoic formations. 
The eastern and southern border of this area is plainly marked by the 
scarp of the Grand Prairie. Its western border is not determined fur- 
ther than that in Texas it is terminated by the Guadalupe Mountains 
in El Paso County. In its topography it shows a gradual elevation 
towards the west, most usually however in series of steps, which 
rise one above the other, having the ascent facing toward the south- 
east and a long gentle slope toward the west, the average rise being 
less than 8 feet per mile. 

At the edge of the Staked Plain, which is a newer formation super- 
imposed upon these, there is an abrupt elevation of from 200 to 300 feet 
in places and a continued rise toward the west to a height of 3,100 feet 
at Quito. West of the Pecos the rise is much more rapid, being about 
15 feet per mile. The dip of the strata, which on the east is toward the 
northwest not exceeding 40 feet to the mile, is reversed, that is, it is to 
the southeast, and brings the edge of the strata to the surface again 
after crossing the river. In the southeast corner of this region we find 
the Archaean area of Llano County, around which the upturned edges 
of the older Paleozoic rocks are exposed at a considerably greater ele- 
vation than that of the basin north of them giving the overlying rocks 
of the basin itself a northward dip. The western extension of this 
southern border has not been examined. 

We find the northern border of our basin in the- Wichita Mountains 
in the Indian Territory, where the edge of the Silurian rocks is again 
exposed at a higher altitude than the interior portion of our region. 
This region is, therefore, of a basin form of structure, with the exposed 
e<lges of its lower members and the underlying rocks topographically 
higher on the northern, western, and southern borders than on the 
east or in the center. 

The formations which occupy this basin, if we except some overlying 
Cretaceous and the plains formation, are almost entirely confined to 
the Carboniferous and Permian systems. These consist of beds of lime- 
stone, sandstone, sands, clays, and shales, with coal, gypsum, and salt 
as associated deposits. The general dip of all the strata in the eastern 
portion of the basin is to the northwest, but its elevation alonp: the 
eastern border is less than in almost any portion of it, consequently 
tiiere can be little hope of finding artesian water from any catchment 
area on this side, although some of the strata (tlie lower sandstone and 
shales) are well adapted for carrying water and, where suitable topo- 
graphic conditions exist, do furnish artesian water, '. An instance of 
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this is fonnd in the flowing well at Gordon, bat snch cases are the ex- 
ceptioD, and not the rule. The same series of sandstone, and shales are 
exposed on the southeastern border and the tiowiug wells at and 
around Trickhain and VValdrip find their supply in then^. The condi- 
tions are very fa v. .ible in the valley of the (Colorado and some dis- 
tauoe north, between the ninety-ninth and one hundredth meridians 
for similar wells. The rocks of this age are covered by later deposits 
ID the Wichita Moantains, and it is therefore impossible to judge of 
the possibility of their water-bearing character there. Similar rocks 
are exposed on the western border of this basin, in the vicinity of 
Van Horn and farther north, in the Guadalupe Mountains. They are 
reached by a well 832 feet deep, at Toyah^ some 70 miles east of Van 
Horn. This well has an abundant flow. We have, therefore, in the 
lower members of the Carboniferous rocks of this basin water-bearing 
Rtrata, the exposed edges of which on the southeast and west are suf- 
iiciently elevated to furnish artesian water to portions of the basins in 
their immediate vicinity. 

We do not know what interruptions to the subterranean flow may 
exist in the way of dikes or fissures, and therefore the areal extent of 
the i)ortion favorably situated can not be given until the topography 
and geology are better known. The quality of the water from every 
well thns far secured in this basin, which has its origin in this series 
of rocks, is highly saline, and it is safe to assume from this and from 
the character of the deposits that no fresh water can be obtained from 
this source. Therefore, if the supply be general over the entire region 
it will only be adapted for limited uses. In addition to this, this water- 
bearing bed can be reached in the greater portion of the region only 
after passing through the entire series of Permian strata and those of 
tilt) uppermost Carboniferous, amounting in all to 2,000 or 3,000 feet, or 
even more in places. 

If there be any other hope for an artesian- water supply in this region 
the catchment area must be either in the Precarboniferous rocks of the 
central mineral region and the Wichita Mountains or in the Guadalupe 
and connected ranges. That such a catchment area exists on the south 
IB fully proved by the powerful springs at Lampasas and in San Saba 
County, all of which have their origin below the rocks of Carboniferous 
age. Some of these springs, such as the Lampasas, have their vent 
through rocks of this period, but they belong to the very lowest strata, 
and the temperature of the watt^T proves that it comes from still greater 
depths. All such water is highly mineralized, but much of it seems 
suitable for general uses after exposure to the air has dispelled the 
sulphuretted hydrogen. Others of these springs, like that at Ch*erokee, 
San Saba County, spring through rocks below the Carboniferous, and 
these furnish water of an excellent quality. The dip of these rocks is 
much greater than the overlying Carboniferous, and the water supply 
would therefore be' rapidly carried beyond the depths of ordinary arte- 
sian borings. The conditions of outcropping strata are similar in the 
Wichita Mountains to those of Llano and San Saba Counties, but we 
have no such evidence in the way of springs to prove their value, and 
no boring has been carried tar enough to test the matter, although 
preparations are now under way to do so. 'So rocks of similar age 
have been observed in the Guadalupes. We must therefore conclude 
that, while the artesian conditions of the central basin are not unfavor- 
able, the probabilities are against securing an adequate supply of water 
sufficiently free from mineral matter to be of use for general purposes 
(nnless it be from the sandstones of the Guadalupe Mountains which 
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would require sfrikinof to impracticable depths iu most places). All ex- 
ceptions will be of purely local extent and will require mucli local topo- 
graphic and geologic work for their designation. 

There still remains the area of the Staked Plains formation to be 
discussed, but our knowledge of its geology is too limited to permit 
anything but the most general statement. The upper portion of these 
plains is composed of strata of later Tertiary or possibly Quarternary 
age, underlaid by a conglomerate and sandstone, probably of earlier 
date than the Trinity sands, and dipping southeast. It is this bed that 
furnishes the surface-water of the plains, and from it gush the head- 
waters that form the Colorado, Brazos, and Eed Rivers. The beds 
ntiderlying this are probably Permian on the southern border, but 
newer formations may intervene towards the north. It is possible that 
this conglomerate bed may yield artesian water near the western bor- 
der of the State, and I understand that one such well has been secured. 
It is my opinion, however, based on such knowledge as I can obtain, 
that the probabilities of artesian water on the plains are rather unfa- 
vorable than otherwise. 

It will require a considerable amount of work in eastern New Mexico 
to decide the matter finally. 

The well at Pecos City most probably belongs to the series described 
under the Grand Prairie region, and therefore gives us no clew to the 
area north of it. 

The Trans- Pecos Mountain district, from the Guadalupe to the Bio 
Grande, consists of numerous mountain ranges and detached peaks, 
which rise from comparatively level plains.' These plains are composed 
of loose material which has been derived from the erosion of the mount- 
ains, and sometimes has a thickness of over a thousand feet, as is 
proved by the deep wells along the Texas Pacific and Southern Pacific 
railways. The geologic formations of the mountains themselves con- 
sist of granites, sandstones, schists, and quartzites and Silurian, Car- 
boniferous, and Cretaceous limestones. The whole area is faulteil, 
broken, and cut by intrusive porphyries, basalts, granites, and other 
ernptives. 

These conditions of structure prevent any other than a general un- 
favorable report on the district, although in certain localities condi- 
tions may, and probably do, exist favorable to the securing of artesian 
water. 

In conclusion I may say that before making any more definite state- 
ment than the above it will be necessary that we have the Wpography 
of the.greater part of the area accurately mapped, and a better knowl- 
edge of the details of its geology than we have yet had time to secure. 
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REPORT OF F. S. UNDERBILL, DIVISION FIELD AGENT FOR 

NORTH DAKOTA. 



The following is a summary of thereports of artesian wells, fonnd in 
the district of "North Dakota, dividing tlie developed territory into sub- 
districts: 

SUB-DISTRICT NO. 1— DEEP ARTESIAN WELLS. 

This district includes the counties along the James River. The land 
is principally a high rolling prairie, at an average elevation, north of 
Jamestown to Devil's Lake, of about 1,520 feet, and south of Jamestown 
to the dividing State line from South Dakota it has an elevation of 
about 1,340 feet. The southern part of the James River Valley widens 
to a broad level in the counties of La Moure and Dickey. 

The general formation of this subdistrict is a defined basin or slope, 
and is^comprised within an area b6unded by Devil's Lake on the north 
to the divide between the Cheyenne and James Rivers on the east, and 
from the divide between the Missouri and the James Rivers on the 
west 

The stratification of the wells is practically the same all through this 
subdistrict, and the water is similar in quality and effect. 

JSumber of flawing artesian welU, aubdiatHct No, 1. 



'Town. 



'lamostown.. 
£U«iM)ale.... 

0»ktn 

Devil's Lake 



TotU. 



County. 



Stutflinan 
Uickuy .. 

..-.Uo 

liamsey .. 



AlUtude. 


Depth. 


Feet. 
1,395 
1^300 
V§50 
1,467 


Feet. 




M7 

1,550 



Flow. 



PreMure. 



—   

Qallont. 


Poxmdt. 


S37 


95| 


1,700 


145 


900 


135 


100 


30 



3,237 



4Q5i 



At Biaioarck, altitude 1,677, water formation not reached. 

The flow of the artesian wells in this district is fully maintained, with 
a slight increase at Devil's Lake and a large increase at Ellendale, the 
waters of which have been used for iirigation only to a limited extent. 

At Jamestown and Ellendale the water is used on lawns, trees, and 
shrubbery with good results. 

At Cakes the first fiow was obtained last fall, and it was allowed to 
ran out on a flat covered with grass, and was turned away from it this 
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spring, and the grass npon which the water was turned is much l^etter 
than that which surrounds it. It is used for city and. general purposes. 
Horses and cattle drink of it freely. 

The flow from the artesian well at Devil's Lake contains large quan- 
tities of sandy and ft is unfit for use until permitted to settle, and is only 
nsed then to a limited extent. 

The following is the log of a new artesian well at Devil's Lake, and 
is not included in the foregoing table. Being of interest it is herein 
inserted : 

Devil's Lakr Wbll, 

June 30, 1888. 

The weU was pnt down by Swan & Company. 

August 11, 1888. — The drilliugs in the main well were contiuiied the same as here* 
totore, namely, dark blue clay or soapstoue, an ancient sediment closely resembling 
the formations to be seen in the lignite ooal which is being mined in many parts of 
the Territory. 

Sqftemher 8, 1888.— The artesian- well drill touched 1,000 feet from the snrface 
Thursday afternoon and is now fast approaching the 1,100-foot level. At 1,010, the 
drill struck a hard streak composed of gravel and sand, very similar to that to be 
found along our lake shores. 

September 15, 1888. — ^The drill has passed the 1,100-foot level in the artesian well. 
Most of the week has been spent in putting down the 5-inch pipe which now reacae«« 
1,000 feet into the earth. The formation is very similar to that previously reported, 
a heavy soapstone. An examination of a specimen taken from the bottom yesterday 
shows distinct traces of sand in the hard black sediment. 

Wednesday preceding, the well was 1,167 feet. The work on the well was tem- 
porarily suspended for tne purpose of constructing a patent rimmer to be used. Sev- 
eral hard streaks have been enconntered within the last 100 feet of drilling. Theae 
hard streaks consist of limestone, sand, flint, gravel, and iron snlphurets, intermixed 
with the ever-present bine clay or soapstone, forming a conglomerate harder than 
cement. The 4-inch drill passed throngb them safely, but in rimming out the hole to 
admit the 5-inch pipe the ordinary tools for this pnrpose have been found inadequate. 
The presence of hard streaks or conglomerate are regarded as favorable indicatious 
of a now of water which may be expected at any time. 

November 17, 1888. — ^The well is down 1,430 feet. The drill is still in soapstone inter- 
mixed with conglomerate and little sand; the latter is a good indication. 

November 24, 1888. — About 10 o'clock Monday morning the drill in the artesian well 
touched a stratum of sand at a depth of 1,431 feet from the surface, and within three 
nuiintes the water was flowing out of the top of the pipe. It was quite a sudden an 
well as an* agreeable surprise. Only two hours before the sand rock was reached the 
contractors were about ready to qnit in despair, as they had been thirty isix hours in 
the *' hard streak" closely resembling the granite or archasan formation below which 
water is never found. '* It is the toughest patch we ever put a drill in, said one of 
the contractors, and our drills have been broken and the blades otherwise ruined, 
making further progress seemingly impossible." The drillings from this hard streak 
showed fine granite and iron pyrites In about equal proportions, all firmly intermixed 
and cemented together. By 6 o'clock intheevening (eight hours from the tinie the sand 
rock was reached) the drill had gone down nearly 30 feet. Samples of the water were 
carried awav and a few simQje tests were made to ascertain its character. Drilliusr 
was suspended at 6 o'clock, and the work of rimming out the hole above the '* hard 
streak" was commenced. The rimmiugs soon stoppedthe flow of water. By Wednes- 
day afternoon the pipe had been driven down to within a few feet of the sand-rock 
and the pumps were lowered for the purpose of removing the debris. The force of 
the water has filled the hole with about 60 feet of fine sand which runs as fast as the 
pumps take it out. 

December 1, 1888. — The pipe ordered ttom Chicago, 5 inches in diameter^ was pat 
down in the well. The Inter-Ocean sent several samples of the sand-rock and the 
hard strata above it, to Professor Montgomery, of the Grand Forks University. The 
following reply from him will be of interest. 

" I have to congratulate you and the good people of Devil's Lake npon your success 
in the search after water. Place no confidence in the old idea that when granite or 
any hard rock is struck there is no use of boring farther. At Grafton (in subdistrict 
No. 2) when either granite or gneiss rock (these can not be distinguished by their 
borings, but only in large masses) had been reached, the ''plant" was withdrawn. 
Then samples of pulverized borings were sent to me as well as to various university 
professors in other States, and reports on these were received by the Grafton city 
coanoil. The Harvard University professor and mybclf recommended them to ooa- 
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tinne borinji^ for 50 feet at least, bnt the '* plant'' having been removed by the con- 
traotor tboy were unwilling to risk the e:Ktra expense that would have to be inoRTred 
by replacing it and resuming operations. CouatMiueutly they closed up the 912 feet 
bore below 400 feet, from which latter they allowed a flow of inferior water that had 
been prey ionsly struck on their way down. The depth, 1,431 feet, at which you have 
struck water, is not far firom my conjecture written to you last winter. I should not 
expect water much before 1,500 or 1,800 feet beneath the surface in the vicinity of 
Devil's Lake. There are various artesian wells over 2,000 feet deep. If necessary, I 
should continue 500 or 600 feet farther. Two of the samples you sent to me are iron 
pyrites (sulphide of iron), and the third is a water-worn hornblende stoue, very in- 
teresting, because having been water-worn before being deposited where you found 
it." 

February 19, 1889.— The drill was put in the well yesterday for the first time since 
the sand was struck. The 3i-inch pipe is now down 1,510 feet. Thursday evening 
the sand pump came in contact with a hard substance, and it was supposed to be an- 
other streak of conglomerate. When the drill was put in it soon passed throngh this 
bard streak into loose sand which came up into the pipe, and last evening the con- 
tractors were using the sand pump again. The formation now shows bnt little change 
fh>m that first encountered when sand was struck two months ago. 

February 28, 1889.— But little process can be reported for this week's operation in 
the artesian well. Dnring the entire week, with great labor, the contractors suc- 
ceeded in driving the 3|-inch pipe about 3 feet below the point reached last week. 
They are still in the quicksand, which is too soft for drilling and too spongy and 
binding for rapid driving. The total depth reached at 6 o'clocK last night was 1,520 
feet from the surface. 

June 1, 1889. — Wednesday noon all hope of exhausting the sand that continued to 
flow through the perforations in the artesian well pipe was abandoned and a lead 
plug, 4 feet long and \\jt inches in diameter/was put down to a point 10 feet above the 
perforations (about midway of the 80-foot sand bed), and by means of the drill the 
plug was flattened at the top so as to make a complete barrier of the inflowing sand. 
The pump was put down and by 10 o'clock yesterday morning the fine sand which re- 
mained in the pipe after the lead plug was put in had been exhausted: Then the 
X»erforator was put in and an incision of about 1 foot long and one-eighth of an inch 
in width was made. Considerable water came through and also some fine sand. It 
is the intention of the city council to exhaust eyery resource in this attempt to get 
water. Between $6,000 and |7,000 have been spent thns far in the well itself. 

June 15, 1889. — The artesian well commenced to flow again by 9 o'clock Wednesday 
evening and continues to pour out ibs crystal waters at the rate of 60 to 80 barrels an 
hour. This is the largest flow that has been obtained up to the present time. The 
water shows very small particles of fine sand, which is considered a good indication. 
The water is of the same quality as above, very soft and pleasant to the taste. 

Jiine 22, 1889.— One hundred barrels per hour is the estimate now placed on the flow 
from the artesian well. Wednesday the stream grew weak and the perforator was 
used. Later in the day the sand pump was again put in and when it came up the 
water ceased to flow. The pump was used until midnight and at an early hour Thurs- 
day morning the flow started again. It has greatly iucreased in volume ever since, 
and last evening it was larger than at any time since it commenced. The beauty of 
it is the sand continues to flow up with the water and it is estimated that the amount 
of sand thrown up is not less than three tons per day. 

June 29, 1889. — Work was resumed upon the artesian well Monday morning. An- 
other perforation was made in the pipe about 20 feet below the cap-rock. As was ex- 
pected, the water stopped flowing. The pump was then U8e<l. Thursday morning a 
aimilar flow started. Failing to increase, another incision or perforation was made 
Wednesday and the flow again stopped. The pump was used again until Thursday 
afternoon when the water showed a disposition to run and work was suspended. 
Friday morning the well was spouting both water and sand and is still at it. 
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June 8, 1889. — lu tliisiasiie is a diagram of the lower section of the well. 




S/itet of Ttartl 






ZeacLpli^put tn Co 



J^rforatiOTt^ /foot 
ofsojut oftct dicc^i^ 



^ s^UU efr sand. 



SUB-DI8TRICT NO. 2.— ARTESIAN DEEP WELLS. 

This district iucludes the counties of Walsh aud Pembina, in the 
lower Red River Valley. The land is flat and level, and has an average 
elevation of 840 feet. There are two artesian wells in this snbdistrict, 
and the character of the stratification aud the quality of the water are 
quite different from those found in subdivision No. 1. 

Number of flomng artesian welh in subdistrict No. 2. 



Town. 


Coanty. 


Altitude. 
900 


Depth. 
025 


Flow. 


Preatwre. 


(Trafton 


Walsh 


700 90— not 


HAmilton Cifcv- ..---. .» 


Pembina 


. OFO 


used. 












Total 






1.680 


•«••«• • «#• 








....... . 





The water from these artesian wells is salt^"^, and cannot be used. 

SUB-DIVISION NO. 3.— SHALLOW ARTESIAN WELLS DISTRICT. 

This district includes the counties of Grand Forks, Trail, and Cass rf ) 
and the Red River Valley. The land lies flat, at an average elevation 
of about 900 feet. 
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2i^umber of ioells im snhdistriot No, 3. 



• 


Flow per 
minute. 


PreftBore. 


Irriga- 
tion. 


Bemarka 


nillRlToro f A.M- And6T<io>i) t-rrr t 


GaUont, 
15 
22.5 

50 
38 




Kone . . . 
.. .do .... 

...do 

... do ... . 


'Farm tmti Anmnait.io. tima. 


CMaelton (Cuselton Roller HiU).. 

Greoditi (A. ArmstrooKl... 


8.5 

12 
10 


Steam-power and domestio 

nse. 
Farm and domeatic nae. 


Watermora (BuiitoT) 


Intended for city supply. 




Total 


120.5 


80.5 











The great number of small flowing wells in this sabdistrict, as appear 
by the reports, show an average flow of about 22 gallons per minute and 
having an average depth of about 250 feet and steadily maintain the 
quantity of flow indicated. The water is clear, hard, and a little salty. 
A few cases have been reported where it has been injurions to vegeta- 
tion, but investigation shows that when the grass is not flooded it does 
it no harm. It is used for general farm and domestic purposes and 
live stock are reported to be fond of it, and its use is considered bene 
ficial and healthy. 

Of these shallow and small flowing wells there are several hundred 
in Cass County and about three hundred in Trail County; also a num- 
ber in Grand Forks County. The reports show that they are of uniform 
character and establish the fact of this being a distinct well district in 
its character. 

Table of artesian welU in North Dakota by aub-dintricte. 



Sab^distriot number. 



1 
2 
3 



Number 

of flowing 

wells. 



Toul flow, 

gallons 
per minute. 



1 ' 

"m 1 



237 
080 
264 



Averaf^e 
flow. 



18 



5,181 



801» 

840 

22 



l,671i 



* Reported as an example of a large number. 

The balance of the area of the State of STorth Dakota has no artesian 
well system at present developed. 



REPORT OF STEPHEN G. UPDYKE, DIVISION FIELD AGENT 

FOR SOUTH DAKOTA. 



The territory comprising the distriot embraced in this report is that 
part of South Dakota lying east of the Missouri Biver south of the 
third standard parallel and the south line of Beadle, Hand, and Hyde 
Counties and west of the ninety-seventh meridian. 

For convenience of description and reference this territory is divided 
into subdistricts, numbered one, two, three, and four, respectively, 
which will be discussed or referred to in relation to the deep artesian 
basin. 

A fifth or supplementary subdistrict is added formed out of por- 
tions of the first three above, and will be considered only in relatioa 
to the shallow artesian basin. 

SUB-DISTRICT NO. 1. 

« 

This includes Kingsbury and Miner Counties and those portions of 
Brookings and Lake Counties lying west of the ninety-seventh merid- 
ian, and for convenience is denominated the unexplored subdistrict, 
throughout which no borings have been made to a depth sufiicient 
to reach the deep artesian water basin, or to show what the geology 
really is. 

Many favorable features are presented which would indicate this 
district as a proper and desirable field for experimental operations in 
deep well borings for irrigation purposes, and storage reservoirs could, 
with slight supplementary labor, be established in many portions of it. 

The following table shows the altitudes at several points, where wells 
have been commenced and for various reasons abandoned. 

The estimated depth of the deep-water basin is indicated by wells 
bored in the surrounding neighborhood : 



Wells. 



Iroquois 

DeSmet 

Lake Preston . 
Arlinirton — 
Brookings — 

Viljw 

Clark 



County. 



Kingsbarr. 

— do 

...do 

...do 

Brookings . 

Miner 

Clark 



Altitude. 



Feet 
1.400 
1,72« 
1.696 
1.850 
636 
1,480 
1,785 



Deepest : Entiraaied 
bore. basin. 



Feet 
600 



800 

800 

500 

1,100 



Feet 

925 
l.L'SO 
1.430 
1.375 
1.160 
1.000 
1,300 



Brookings and Clark lie outside of this subdistrict, Brookings to the 
east and Clark to the north, and are added to the list of altitudes to 
show that had they not been abandoned, they could have been contin- 
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aed to such au extent as ,to determine the depth from the sarfeK^ to the 
artesian basin. 

Deep- well boring is now being done at Iroquois, Eangsbury County, 
and at Yilas, Miner Oonnty , and when finished they will be the first in 
the subdistrict of value in determining the eastern or southern extent 
of the artesian basin. 

Wells are also being bored at Madison, Lake Oounty. One has gone 
to the depth of from ^0 to 400 feet ; it is not known whether qnartzite 
would be struck above the level of the artesian basin ; but a thorough 
attempt is now being made to test the matter. Another is to be bored 
to the depth of 1,500 feet. 

This district is practically unexplored, and it is a proper field for 
such boring as will show its character. Should water flow at the 
United States experiment station at Brookings the director would 
gladly conduct a series of experiments, the results of which, when 
published to the farmers of the State, would be of great service to 
them, and this is a good place to make an experimental bore. 

In thevicinity of Lake Preston and Arlington there are large natural 
storage basins which, with a small amount of additional work, would 
Btore sufficient water for the western slope of the Big Sioux Biver and 
the lands south of Kingsbury County, and should the local storage 
prove insufficient for the waters found another basin exists at Madison, 
Lake County, of equal capacity, to which the water may edsily be con- 
dacted for use on the more southern lands. 

With these advantages of natural storage it is suggested that in the 
eastern portion of this subdistrict a thorough experiment for artesian 
water should be made by making deep borings at Lake Preston and at 
Arlington. 

FACTS FOR AND AGAINST EXPSRIMBNTS. 

(1) A well flows at Highmore at an elevation of 1,886 feet, a higher 
lK>int by 36 feet than Arlington. 

(2) The city well at Huron, at an elevation of 1,275 feet, flows with a 
pressure of 120 pounds, which would raise water to an elevation of 1,550 
feet, which would indicate a flow at Iroquois and Vilas only. 

(3) The city well at Wbonsocket, at -an elevation of 1,260 feet, flows 
with a pressure of 153 pounds, which would raise water to an elevation 
of 1,612 feet, an indication of a flow at Madison, unless that, as at Vilas, 
it is in peril from the quartzite. 

OUTLOOK FOR THIS SUB-DISTRICT. 

It is a proper fleld for experiments. Should wafer be reached at Lake 
Preston and Arlington, there ;s at hand in townships 109, 110, and 111, 
ranges 54 and 65, a great natural reservoir system which ¥rith slight 
supplementary work would furnish 300,000 acre-feet of storage, and 
which would command the southwest portion of this subdistrict which 
last year suffered most from drought in South Dakota. 

It should be remarked that water at Arlington could be distributed 
mtward to all the western slope of the Big Sioux Biver if there should 
still be a surplus. An equal reservoir system lies southeast of Madi-. 
Hon, Lake County, which at no greater cost, would serve the country 
still farther south. 
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Spedmen^hares. 



Hetland, Kingftbary County. 



Sec. 10, T. 112, R. 58. 

Blackloam 2 

Yellow clay 48 

Biiieclay 235 

Soft yellow clay 26 

Shellrock 50 

Yo^llowclay 60 

Bluesfaalo 200 

Total 710 

Stood up well ; no casing ; liole dry from top to 
btottom. 



Arlington, Kingsbury County. 



Sec. 21, T. Ill, B. 53. 

Black loam 2 

White and yellow clay 8 

Dark yellow day 40 

Blue clay 160 

Grayish clay 150 

Blue shale 415 

Sandstone 1 

Total 780 

25—111—53, same as above to 485 feet. 



It shoald be added that the bores at Arlington were began for shal- 
low wells, and with no idea of reaching the deep basin, and were aban- 
doned becaase the machinery was not adapted to deep boring. The 
bores now in process, a« Iroquois and Vilas are the first attempts for 
a thorough experiment for deep water. If successful at Vilas the at- 
tempt is to be made at Madison at once, while Lake Preston is only 
waiting for results at Madison and at Clark, where the drill is lost at a 
depth of 1,100 feet. 

Laud in this subdistrict is valued from $5 to $20 per acre. Irriga- 
tion is much desired for autumn use each season, and for about one- 
fifth of the rest of the year. The average estimate is that irrigation 
would double the value of the land, while others estimate an increase 
thereby of four and even five fold. Trees have done well in this entire 
subdistrict, having for the most part been either mulched or watered 
from surface wells, and irrigation has been slightly practiced in gar- 
dens, but always with excellent results. 

Much thought has been directed during the last year to deep plow- 
ing, fallowing, and furrowing, in order to husband the rain-fall. But 
a deeper feeling prevails that as the early seventies and eighties were 
moist years, and only two to three of the later years of these decades 
dry, that so it will be in the nineties. This feeling is confirmed by the 
Indians at Flandrau, who predict great rain and snow for 1891 and 1892, 
and also by the present season, which, though without much rain be- 
fore May, found the soil in a most excellent condition for the seed, and 
has since then been characterized by a plentiful fall of rain. 

SUB-DISTRICT NO. 2, OR THE GRANITE BASIN. 

This subdistrict includes all of McGook County, and those portions 
of Minnehaha, Turner, and Clay Counties lying west of the ninety- 
seventh meridian, and also those portions of Hanson, Hutchinson, and 
Davison Counties lying east of the James or Dakota River. In this 
subdistrict the quartzite shows an elevation or back-bone extending 
westward from Sioux Falls to the James Biver. 
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AlUhuleB of ihU wlhdiwtirici. 



AJtltode. 



8kHix]?tfli, 



Feet. 
1,887 
1,617 
1,840 



Gnmite mt snrfiMse. 
Gmiite at 270 feet. 
Qxanite at 200 feet. 



PariKer - 

Alexandria 

VeroiiUion t 

Cantrerille 

Hurley. 

Roekport 

Section 11, T. 108, R. 57 : Stopped in red etone at 07 feet. 

Section 10, T. 108, R. 57 : 2 feet of red etone at 180 feet, 2 feet at 210, and 7 feet at 270. 

Section SS, T. 108, B. 57 : Qaarry of Sioux ITaUa granite. 



1,161 
1.238 
1.273 



Granite at 680 feet 



Granite at enrlhoe. 



The following oomparisons are of value — 

Feet. 

Mitelien qnartsite at * 545 

Plaaklngton qnartsite at 760 

Tyndall qnartxite at 786 

Scotland q[nartsite at 548 

Hazleton Post-Office, Hanson County, is the center of the artesian 
well district, twenty or more being in sight of that place. Their aver- 
age depth is from 80 to 250 feet, and their flow varies from a very 
small one to that of a full 6-inch diameter stream. 

This snbdistrict lies well within the great com belt of South Dakota, 
where wheat succeeding corn gathers so much of the advantages of the 
fallow, and where either crop has thus far been successful, its only foe 
being the grasshopper. 

It has the same rich soil and clay subsoil of snbdistrict No. 1. It 
has an older civilization, and being beueflted by former years of till- 
age it does not need artesian irrigation. The brooklets rising to the 
north are here found to be fine streams, which are sometimes dammed 
and stocked with fish or used to overflow the meadows ; and it also 
has many springs lying too low for upland irrigation, that swell the 
waters of the Vermillion, the James or Dakota, and the Sioux Bivers. 

Moreover, the lowland valleys are broader here than farther north, 
and the upland with the lowland tillage continues to And adaptation 
to the season. 



SUB-DISTBIGT NO. 3, OB THE MISSOUBI BASIN. 

Includes the territory lying south of the second standard parallel 
and east of the Missouri Biver and west of the James or Dakota 
Biver, being whole of the counties of Buffalo, Brul^, Jerauld, San- 
1>oni, Aurora, and Douglas, and portions of Charles Mix, Hutchinson, 
Davison, and Hanson. 

This basin strides the quartzite ridge sloping westward around Bock- 
port, Hanson County (Sec 6, T. 101, B. 58) and is struck at Mitchell, 
Davison County, at 545 feet at top; Plankington, Aurora County, at 
760 feet below the surface; compare Tyndall, 735 feet, and Scotland, 
548 feet. * 

S. Ex. 22- 



] 
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Wells of deep Iwre, 



Daniel Sobmitt 
Cha8.Nelaon... 
LetoherCity.. 
Woonsooket... 

Xt^ell 

Pnuikington... 

Hattons 

White LakB... 
yiiiitMLii 



tUm. 



11 
28 
15 
28 



84 

14 

8 



Town- 
•hip. 



108 
106 
105 
104 
103 



Sanse. 



M 
66 

61 
62 

60 



Flow. 



€haUmt. 
150 



176 

8,750 

175 



Two oity mills over whioh a law-avit pendi. 



104 


64 


106 


66 


163 


68 



160 
800 



Depth. 



FetL 
716 
726 
600 
725 
546 



M5 
966 

1,068 



This sub-district possesses no natural reservoir systems for artesian 
storage other than the sloaghs and small lake-beds which could be ar- 
tificially dammed across at intervals for evaporation. 

Water should be reached throughout its extent at a depth of from 
500 to 1,100 feet, and the land lies well for an evaporation or surface- 
irrigation system, though in the latter case the ditches must run direcUy 
from the wells and the surplus water be stored in valleys for evaporation. 

It is a beautiful country, its a\^erage value from $4 to $15 per acre. 
The soil is a deep black loam, under which lies clay of a yellow and 
then of a blue color, and beneath which lies a thin strata of chalk and 
more clay. The few springs that are found in this district lie at the 
base of the Missouri Biver BlufBs or in other places so low that they 
can not be improved for use. 

Its imperative need is water, of which the source must be artesian. 
Pumping wells often reach 250 feet before a supply is found, though in 
the vicinity of an artesian well it is found at a shallow depth. 

WeUe in Sub-dietrioi Xo. 3. 





Location. 


Flow per 
minute. 




UTame. 


Sec- 
tion. 


Town- 
ship. 


Bange. 


Connty. 


Depth. 


Woonitooket.... - 


28 
15 
11 
28 
22 
3 
34 
14 


107 
105 
108 
106 
103 
103 
104 
103 


62 
61 
64 
65 
60 
68 
64 
66 


Sanoom .......... 


2,750 
175 
150 


725 


I«etcher 


Sanborn 


600 


Daniel Sohmitt 


Jezaold 


725 


CharLM Nelson ........................ 


Jerauld  




Mitchell 


Daviw>n 


175 
800 

150 


546 


Kimball 


BrnlA 


1,068 
545 


Sattona .................... ........ 


Aurora ........... 


White Lake 


Aurora 


050 


PlankiDffton* ....^.--,- - 


Aurora . ...... .... 



















* Suit pending over these two oity wella. 



SUB-DISTRICT NO. 4. 

This sub-district comprises Bon Homme and Yankton Counties. The 
southern boundary of these counties is the Missouri River. 

Quartzite is struck at Gyndall at 735 feet and at Scotland at 548 feet 
below the surface. In Yankton County the water-bearing sand has 
been penetrated 200 feet and the pink sand overlying the quartzite 
reached at a depth of 715 feet. This subdistrict is niost interesting, as 
touching the question of the volume of artesian water supply. 
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In Yankton County many wells have fallen off in flow and pressure. 
The great flow at Tankton was 1,623 gallons per minute, and the 
heaviest pressure was 56 pounds, now fallen to 52, while many wells of 
lesser flow and pressure have decreased in greater degree. 

The question has been started whether the sonrce of these artesian 
waters has not been limited by the flow of greater volume in subdis- 
trict !No. 3. 

A personal examination of these wells has suggested to me several 
reasons against such a conclusion, one of which, though not the strongest, 
may be properly inserted here. 

If Yankton wells decrease from other than local causes then so would 
those of Bon Homme, though in a lesser degree*; but wells in Bon 
Homme Gounty remain the same as at first, with four exceptions. 
Scotland, which flowed at first irregularly, has been stopped mechan- 
ically, and the other three are increasing. I have grouped these Yank- 
ton wells with those of Bon Homme, ^ause in Bon Homme County 
three wells report an increasing flow, while the remainder (except one 
mechanically stopped) report a flow constant from the first. 

Comparisfm of Yankton and Bon Homme WelU. 



Wellii. 



Yanlctan County. 

Presaed Brick Coiapany 

Asylum 

YanktoD City 

Sec. 12, T. 93, B. 66 

Secll,T.«8,R.56 , 

Seo. 17, T. 03, R. 56 ... 

Bon Homme County. 

Scotland 

TyndaU 

Soo> 19} X . 94, R« o8 .•••••• 

Sec.3i.T.9&,B.50 

Sec 20, T. 94, K. 59 

Sec. 31, T. 94, B. 68 

Seo. 6, T. 93. R. 68 

Sec.l,T.fl3,R.fi9 



Depth. 



596 
672 
615 
376 
380 
400 

587 
686 
578 
734 
649 
645 
666 
646 



Blow. 



1,623 
120^ 
15-000 
8-6 

25-12 

15 

652 

7 

97 

18 
100 
250 

40 



Preesure. 



40 
42 
60 



Tempera- 
ture. 



56-52 


60 


ifr-ia 


64 


18-7 


62 


25-20 


60 




60 


46-35 


60 


38 


62 


10 


60 


36 


61 


45 





62 
62 
62 



Increaaedor 
diminished. 



Diminished 

do 

. — do ...... 

do 

. . . do ■. . 

— do 



Stopped ... 
No cnange. 
...do...... 

— do 

No change. 

Increased.. 

Increasing. 

....do.... . 



When 
bored. 



1886 
1889 
1886 
1887 



1885 

1885 
1887 
1887 
iK89 
1889 
1890 
1890 
1889 



It should be said in connection with the Yankton wells that some may 
have filled at the bottom aod are now served by the upper and weaker 
flows, bat undoubtedly many of these wells ^.re of imperfect construc- 
tion or have become impaired by use. With shales underlying 200 feet 
of chalk, the water finds outlet through fissures unless the casing is driven 
to the clay beneath and to a solid footing and then sealed to piping reach - 
ing to the water-bearing strata. Within a month of the completion of 
the Yankton City well the water broke from the chalk bluffs (more than 
1 mile away), in springs estimated at 1,000,0*0 gallons per day, and in 
the last four years the well has lost 12 pounds of pressure. 

It is the fact that in township 105, range 57 (Miner County), contain* 
ing thirty-three shallow wells, no plows are found in sections 2, 1 1, 14, 
23, 26, because a large spring in section 2 and a bubbling lake in sec- 
tions 11 and 14 exhaust the pressure in these sections. 

Again, Mr. Sromhor's well, in Yankton County (sec. 11, T. 93, B. 56), 
has very much diminished, because leaky piping permits the water to 
charge the soil for 50 feet in breadth for a great distance down the slope. 
These observations are insufficient to warrant more than the opinion that 
their diminution has a local cause in every case, and does not touch the 
question of limitation in connection with the source of these waters. If. 
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perfectly constracted and unimpaired wells in Yankton should dimin- 
ish in flow and pressure, the cause could not be traced further than the 
granite backbope over which the Yankton and Bon Homme waters flow 
through high and low pressure sections of the water-bearing sand. 

This is the cause of much lower pressure in this subdistriot than in 
the others at the same altitude, and if wells should be multiplied beyond 
its capacity to carry water, the effect would appear in both Yankton 
and Bon Homme wells, and until bores in Charles Mix and Douglas 
• Counties shall show that the deep water and high pressure strata are 
continuous from the third to the fourth subdistrict it will be irrelevant 
to .conclude from the diminution at Yankton anything as to the limita- 
tion of the artesian water supply of the Dakotas. 

The western portion of this subdistrict is a fine rolling country slop- 
ing gradually to the Missouri Eiver, and it is characterized by a sub- 
soil that absorbs a vast amount of water. 

From Mr. Zemart's well (sec. 34, T. 95, E. 69) of 97 gallons per min- 
ute a service is reckoned for upon 20 acr^s only. Ad inch flow in a 
ditch 1 foot wide was three days in reaching a point 400 feet distant, 
and Mr. Z. estimates that a 6-inch well would irrigate no more than 
one section of land. In boring this well 100 feet of sand and flne gravel 
were found just below 4 feet of nice black soU. 

The average worth of land in this subdistrict is $20 per acre, and 
farmers freely claim that in Bon Homme County irrigation would in- 
crease this value to $75 per acre. 

SUB-DISTRICT NO. 5, OR SUPPLEMENTARY DISTRICT OF SHAL LOWWELL 

DISTRICT. 

This district includes townships 104, 105, and 106, and ranges 56 to 60, 
inclusive, with small additions to the northwest and some exceptions 
to the northeast, and is situated in McCook, Hanson, and Danson 
Counties. It is characterized by many low-Jying springs of artesian 
origin, and has about 150 shallow wells, and is a basin of sand or 
gravel lying under clay, at unequal depths, and overlying so far as 
determined the red stone. This district is a finely rolling country, 
gradually descending to the south and west. 

Pressure and flow are not always greatest at the lowest altitudes, 
though some of the iinest wells are found near the Eock and Blue Earth 
Creeks. 

A study of my notes confirms the statement of Mr. Updegrove, who 
bored ii>any of these wells, that the highest pressure and the stronger 
flows are struck in the coarser gravel, while fine sand flows are very 
weak. A marked characteristic of the water is its temperature, run- 
ning from 40O to 45° F., causing it to be used far more often for dairy 
purposes than for irrigation. 

I believe these wells have a service quite independent of the locality 
or the deeper basin that certainly lies beneath its western portion, and 
in support of that conclusion I submit — 

(1) The difference in temperature 40° and 60^ F. 

(2) From many sources I learn that bores to the north reach water 
that courses up from about the level of this sheet of gravel and water to 
near the surface. 

4 

In south Kingsbury County and in Brookings County, to within 15 

or 20 feet, there is a great deal of this testimony that I have not had 

time to tubulate or arrange which points to a connection between these 

waters and the surface waters of Day and other northern counties of this 

' tatC; that have no outlet unless it be under ground. 
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The lake beds around Preston a few years ago were fall of water, they 
are all dry now but one or two ; those at Madison are very mach lowered 
below their oatlet, a fact fally accounted for by the evaporation of dry 
years; but. there has been very much more rain in north Goddington 
and in the ]ake region, spreading fan-like to the north, and this water 
does not run off or deposit itself in ISioux Kiver^ but into the lake-beds, 
the natural storage grounds of the district; the water first coming to a 
flow in Grant County, and then depositing itself in the- ground of the 
shallow well district. 

AnalyBis of tod^from city well At TadkUm, 

[By Prof. E. B. Stnart, Chloago.] 

Grains. 

Ca]ciain snlphate 27.397 

Magnesia smphate 23.304 

Calcinm solphite 5.439 

Chloride of soda - L179 

Magnesia carbonate 24.455 

Silica :..--• 094 

Trace of iron in solntion precipitated on exposure to air . 026 

StraUfioation of Mek-^ard well at Tankton, 

[Karr and Kich«r.] 

Feet 

Soil, sand, and gravel 38 

Chalk rock 62 100 

Shale 26 126 

Hard rock *. 4 135 

Sand 34 164 

Shale 65 224 

Sand 35 259 

Shale 1-35 389 

Sand and clay in alternate layers, with water in each vein of sand 100 489 

Water-bearing sand 106 595 

501 put at 6-inch pipe in this weU, and 60 feet below the bottom of pipe reamed 
out to 9 inches diameter. 

GEHERAIi REMARKS. 

The question of irrigation has, during the last year, been brought very 
prominently to the attention of the people, on account of the drought 
of the previous year. 

Though all the large wells, and some of the smaller ones, have been 
bored by the use of steam, I find the use of horse-power very common. 
In Bon Homme County I found two drilling machines operated by 
means of horse-power. In the shallow wells district the latter power is 
easily capable of doing the work. The horse-power machines bore very 
fast. 

In the whole of my division, with the exception of the first and third 
Bubdistricts, the people are in possession of the facilities, and are them- 
selves able to perform the labor necessary for boring all the wells 
needed. But I am positively of opinion that the unexplored district 
(the first) and the Missouri district (the third) should be considered as 
in need of the larger and more extensive class of irrigation operations. 
The wells generally in my division are reported as being used for 
ordinary domestic and farm purposes, or for city uses, with the follow- 
ing exceptions : 

At Yankton there is one well the water from which is used for power 
purposes. 
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Id Brul^ Coanty, at Kimball City, the waste water forms a pond 
well stocked with a certain species of fish, and from which about 4 
tons of one kind, commonly called bullheads, were taken in the years 
1888 and 1889 respectivily. 

In Aurora County, at White Lake, the waste water is conducted by 
open ditch for half a mile to the farm of G. C. Bryan, forming a lake 
covering a surface of 5 acres, which was stocked with carp in 1888. 
In 1889 an acre of garden was irrigated. The beneficial eflects pro- 
duced upon the soil in the vicinity of this lake and garden, which is 
reacbf d by the percolation of some portion of the water is strikingly 
noticeable both in the increased quantity and better quality of the 
wheat, hay, vegetables, and fruits grown thereon. Especially notice- 
able waH the effect upon the strawberry and sugar-beet. The product 
of a patch of the former on tbe farm above named, killed by drought 
the previous year, was increased. 

In McCook County the well of Gurney Brothers (sec. 20, T. 104 B. 
5G), with a capacity of 25 gallous per minute, was bored expressly for 
irrigating purposes. It is located in the center of and upon the high- 
est point in a garden of 4 acres. The water is conduct^ to the tbur 
corners of the tract by means of four ditches, like the furrow made by a 
plow, and is thence conducted between the rows of garden produce by 
means of smaller ditches made by the hoe. Subsoil : 20 feet, yellow 
clay ; 65 feet, blue clay. Temperature of water, 45^ F. This well should 
be considered as a type of several wells found in Yankton County, so 
far as results are concerned. 
. In Bon Homme County the Peter Boyuue well (sec. 5, T. 93, R. 58) 
was bored in February and March of this year. Depth, 665 feet; flow^ 
250 gallons per minute; pressure, 42 pounds; temperature, 62o. Mr. 
Boyuue has conducted the water into his garden with very satisfactory 
results, and prepared 40 acres for irrigation. 

Xhe well of G. C. Cooley (sec. 19, T. 94, R. 58) is 578 feet deep. It 
flows 7 gallons per minute with a pressure of 10 pounds and a temper- 
ature of 60O. Mr. Cooley has experimented by conducting water from 
his well among his trees with very gratifying results. 

The well of Mr. Zeunart (sec. 34, T. 95, K. 59) irrigates his garden 
with satisfactory results. 

4 

ABTESIAN WATERS NOT FLOWINa. 

As we pass north of the fifth sub-district in northwest Miner Co., there 
are many bores of like character with those to the southwest that reach 
the artesian water, the sole difference being that the elevation of the 
surface has become too high for the pressure of this sheet of water. To 
determiue the extent of this basin would require bores not yet made 
and time not given me. The dry bore of 710 in sec. 19, T. 12, R. 53, at an 
elevation of 1,850 feet, was not deep enough to find this sheet of water, 
and the records at Brookings, Iroquois, Vilas, and Clark are not yet at 
hand, or not instructive as to the extent of this basin. 

Borings in subdistricts No. 2 and 5 of this character exist, but inter- 
est in them has ceased to such extent that correspondence alone has 
developed nothing more than names of persons who might give infor- 
mation and these in turn hav^e recommended me to others or have not 
answered. General mention of them without location or characteristics 
is all 1 have, but I think that an inquiry into the characteristics of 
" deep-pumping wells " would bring it out, being a form of inquiry bet- 
ter adapted than that I have made use of while in the field. 
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Thoagh I have incidentally. spoken of our springs as heitig of light 
flow and low lying in the vicinity of streams and rivers, I will report 
separately that there practically are no springs in my division for pur- 
poses of irrigation with the exception of Wessington Springs. They 
are sapersed^ for practical porposes by streams or wells in the vicin- 
ity. The following extracts are given from, letters I have received. 
They present some nsefal information : 

Buffalo County, — John Grace (Dnnoan post-office) — '' There are springs in Sections 
17 and 20, T. 108, R. 68. These are at the head of Crow Creek, hat the ponds and 
the lakes are sapplied from sabterranean waters." 

A. B. Merritt (Buffalo Center post-office) — '' Ton will find a spring on Sees. 16, 
25, 10, 68, and one near Gann Valley that sends oat pure water that would fill a 
3-ineh pipe. 

BruU County, — ^A. A. Seppert (Red Lake post-office) — "Artesian well, is the only 
water that oonld sapply tnis county. Bed Lake is dry now, and the Missouri is too 
low." 

Charles Mtx County,^E* L. Bates (Bloomington post-office)^'' Ko artesian wells, 
borings, nor springs in this vicinity. I think we are in the belt, but can not bear the 
expense." 

Davi9on County. — George A. Thomas (Mitchell i>ost-office) — *' A spring on section 
11 would fill a & inch pipe ; it is on the river bottom close to the river. It runs out 
of a ledge of sand- rock that lies below the surface and is only about 5 feet above 
the river. The wells in this locality are all of small flow from 116 to 280 feet deep, 
and run from 10, 75, and 100 barrels a day. The water is found just above the Jasper or 
in the sand rock Just above. 

Huiohinson County.-^ohn McClain (Tripp post-office). — ^We have no springs in this 
vicinity, but there are several along Emanuel-Creek. 

Jerrauld County,--- A, B. Memtt (Buffalo Centre post-office). — ''There are two small 
springs near Waterbury. There are a great many springs at Wessington." 

Lake County, — E. C. Keith (Brant Lake post-office). — There are no artesian wells in 
this vicinity. Wells in this county sometimes go to 200 and even 400 feet, but we 
have never struck a flow in any of them. There is one spring 10 miles southeast of 
this place which flows quickly into Skunk Creek. 

O. C. O. Overkin (Prairie Queen post-office). — " There is no artesian well or spring 
or flowing water in this vicinitv to my knowledge." 

Anthony Oron (Badus post-office). — " Have got many wells, but no water to supply 
them with yet." 

Miner County, — James E. Delany (Vilas post-office). — " About thirty flowing wells; 
averaging a depth of 100 feet, with a bore of 2 inches. The water ia not used for 
iirigation." 

£. G. Beeves ^arthage post-office). — "Besides our wells, we have many springs of 
arteaian origin, but they lie near the creeks and are of do account for irrigation/' 

Minnehaha County.—E, Fuller (Montrose post-office).— "We have several springs 
in this vicinity that flow aU the time, but they lie close to East Vermilion, McCook 
County. 

Saniom County,-^, B. Hutchins (Cornell post-office). — '• Our springs are all near 
the river. They contain some iron and are inexhaustible. The best flowing well in 
the United States is at Woonsocket." 

Tamer County, — M. Morris (Spring Valley post-office). — On sections 5 and 8 of town- 
ship 97, range 54, there is a creek bed in which a number of springs come to the sur- 
face and others can be found by digging a very few feet. On sections 10 and .3 there 
«re nnmerouB springs ; one discharges quite a flow of water, which empties into Tur- 
key Bidge Creek. There are seven artesian wella in township and some very strong 
onea. 

LAND VALT7XS. 

The valne of land in the flist sabdistrict is from $5 to $15 per acre, 
as it approaches markets. In the second sabdistrict it will ran as low, 
and from that ap to $25 per acre, for land for exclnsively agricaltnral 
jnirposes. In the third sabdistrict it is from $2 np to $10 per acre; 
in the fonrth, from $5 to $25 per acre. Irrigation would increase the 
▼alae of land in the third sabdistrict most, bringing it all up probably 
to $25 per acre and some of it to a mach higher figure. In the first 
district it wonld doable values, at least, and in Bon Homme County it 
woald have a value equal to any place in my territory. 
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REPORT OF F. F. B. COFFIN, STATE IRRIGATION ENGINEER, 

FOR SOUTH DAKOTA. 



Id the field examination I was assigned the north part of South 
Dakota, lying east of the Missouri River ; the north line of Brookings, 
Kingsbury, Sanborn, Jerauld, and BuffalQ Counties being my southern 
boundary. 

In considering the pending question, I divide this district into the 
three snbdistricts : 

SUB-DISTEICT NO. 1. 

This to include the Jim Biver Yalley, embracing the counties of 
Beadle, Hand, Spink, and Brown, and the eastern part of Faulk, Ed* 
mands, and McPherson, and the western part of Marshall and Day 
Oonnties. 

In snbdistrict No. 1, which might also be designated as the Jim Biver 
Yalley district, the conditions, topographically, hydrographically, and 
geologically are practically the same. In the northern part of Beadle 
and nearly all of Spink and Brown Counties the surface is quite level. 
lu the western part of Beadle, nearly all of Hand, the eastern part of 
Faulk, Edmunds, and McPherson Counties, the surface is more rolling ; 
aud as we approach the coteaus, both on the east and on the west, the 
sarface becomes more mammillated. In this subdistrict water can be 
had by means of artesian wells at practically a known depth, pressure, 
flow, and quality. Water for domestic purposes is generally found — 

Fu*st, in springs that break out along the streams and in low places. 

Second, in wells from 10 to 30 feet deep above the blue clay. 

Third, in wells that go below the blue clay from 60 to 100 feet deep, 
where the water will rise to within 10 to 30 feet of the surface. 

These same conditions are found in the other snbdistricts. 

In this subdistrict the geological conditions are similar. This sub- 
ject will be ably treated by the geologist having charge of this branch 
of the investigation, and only refer to some surface indications. In the 
northern part of Beadle, nearly all of Spink and Brown Counties, the 
Hurface is quite level, with almost a total absence of bowlders. While 
in a large part of Beadle, nearly all of Hand, and that part of Faulk, 
Edmunds, and McPherson Counties, included in this subdistrict, bowlders 
are scattered over the surface, sometimes sparsely, at other places quite 
plentifully, many of them having one or more sides polished wirh 
visible strise. As we approach the coteaus on the eastern and western 
boundaries of this snbdistrict, we can trace the outlines of the lateral 
moraines, dimly at first, but more marked as we advance. 

In the southwestern part of Beadle County there is a sort of series 
of concentric moraines, being both lateral and terminal, that is very 
beautiful. 
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As there aie no arteBiaD wells proper that aie saooessM bat in snb* 
distriet No. 1, I will make a tabulated statement Uiat will probably 
give all the reqaired information : 



Cooiity. 



Bflndle... 
HaghM.. 
8plak.... 

Bo... 
Browii... 

Do... 

DAT 

HanhaU. 
Brown . . . 
HoCook* 
Acxon*. 



I^own* 



fluKuu ....... 

Harold 

Dolaad 

Mellotte 

Groton 

Aberdeen (B. 
B.well) — 

Andorer 

Britton 

Colmnbi* 

Selem 

WhitelalEe... 



AMtndA. 



1,285 
1,799 
1,8» 
1,309 
1,888 

1,380 
1,505 
1,400 
1,825 
1.517 
1,725 



Depth. 



Flow 



' par 
one. 



1,458 
947 
960 
949 

940 
1,970 
1,094 
965 
247 
867 



1,709 
169 
799 

1,809 



1,099 
250 
859 

1,790 
C) 



169 
59 

159 
169 
140 

109 

90 

186 

160 



H 



4 

• •  

3 



l>i».to 

(atari 

feeL 



725 
1,485 



875 

1,066 

97« 



Coet 



$4.09 



&49 
4.40 



I 



798 



* Well not now flowing. 

The above is a fair representation of the wells now in nse. The dif- 
ference in flow and in pressure is largely, if not entirely, dne to the 
manner in which the wells are put down and finished. 

When the first wells were pat down bat little was known about the 
character of the formation that had to be gone through. Where the 
shale has not been shut off by properly piping the bottom of the well 
it has caved in aud damaged the flow of the well. In many cases soon 
after the water-bearing sandstone was struck bcring ceased ; as a re- 
sult the flow of the well was less than a similarly located and sized 
well where the sandstone was penetrated deeper. The main piping 
should go through the shale to the sandstone. The boring should oon- 
tinne through the sandstone; then a perforated pipe should extend 
from the main pipe to the bottom of the boring to protect the bottom 
of the well. In every instance where that has been done the flow has 
been constant nnd regular, and the water has been clear. Where the 
shale has been left exposed the flow has been fitful and the water has 
been roily. 

There has never been any accurate measurements taken of either flow 
or pressure before this investigation. In the water-bearing sandstone 
there are calcareous concretions of various sizes. Sometimes quite 
small, and sometimes quite large. The smaller ones are discharged by 
the well. Sometimes the water mains and hydrants get chocked with 
them. Sometimes they lodge in the nozzle of the hose and have to be* 
removed, so that there is no mistake but they are there and they must 
be guarded against. If the bottom of the well is not properly con- 
structed the shale will sometimes cave in and stop or almost stop the 
flow for a time, but soon large quantities of shale, in the form of mud, 
will be discharged by the well : sometimes with explosive force. But 
there are no evidences that I have been able to get that shows that any 
well that has been properly constructed has diminished in flow, while 
there is evidence that wells have increased in flow. The city well at 
Aberdeen, when first put down, had comparatively a small flow, about 
600 gallons per minute ; then great quantities of shale or mud was 
thrown out ; then the flow increased to about double its former flow. 
Since then, at different times, the flow has weakened, and at one time 
stopped entirely } then shale or mud was thrown out, aud the flow re- 
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somed its original volame. With one exception all the wells that have 
been pat ^Town have been for water supply for the cities and towns. 
The citizens of the towns have sprinkled their gardens and yards with 
the water with beneficial results, and no injurious effect has> been ob- 
served where the water wad judiciously applied. Dr. Louis McLouth, 
president of the Agricultural OoUege, at Brookings, says that after 
having made several analyses of the water from different wells, he is* 
certain there is nothing in the water that is injurious to either the soil 
or to vegetation. 

The present season there are several experiments being tried with a 
view of demonstrating the feasibility of irrigation with artesian water. 

Mr. E. H. Day, of Milwaukee, Wis., has put down a well on his farm, 
2J miles southwest of Huron, for the sole purpose of demonstrating 
what can be done by irrigation. The well was located on the highest 
point on his form. Ditches have been laid out under the direction of a 
civil engineer, and the water is being applied systematically. I under- 
stand about 100 acres will be irrigated this season as a test. 

At Hitchcock, Beadle County, they have a little well, 3f inches at 
the bottom, that discharges 1,240 gallons per minute, and has a pres- 
sure of 154 pounds per square inch. This little well supplies the town 
with water, and drives a flouring mill with three sets of rollers, and 
actually makes forty barrels of flour daily. The proprietor told me 
that the natural pressure was so steady and regular that there was ab- 
solutely not the variation of a single revolution in twenty -four hours. 
And yet this water is wet after doing this work, am* some of it is being 
utilized by L. H. Hole and John H. Miller to irrigate about 70 acres in a 
very systematic manner, on a farm they own adjoining the town. The 
waste water from this well in the past few years has overflowed sev- 
eral tracts of land. Grain that grew on land thus overflowed the i>aKt 
year was exceptionally a large yield, while grain on adjoining fields not 
thus overflowed was a failnre. 

At Redfleld, Spink County, the towns-people have been sprinkling 
their gardens the past few years, with highly beneficial results. En- 
couraged by this, they have laid pipes across the creek from the well 
to a little valley or bottom, where there is about ten acres in cultiva- 
tion, for the purpose of further testing the benefits of irrigation. 

At 6roton, Brown County, the town authorities have set apart a 
plat of ground of something over four acres for a park. There is a 
hydrant standing at one corner of the park. The town authorities real- 
izing that the prosperity of the town depends upon the prosperity of 
the farmers, have donated the use of that lot and that hydrant to a Mr. 
Adams and Mr. Gibbs for the purpose of making a test of irrigation. 
This experiment is being watched with a great deal of interest by *he 
sarronnding farmers. I trust that this act of commendable enterprise 
will be crowned with success. 

At Frankfort they have a well that has become uncontrollable because 
of ignorance or carelessness or accident in putting it down. It is throw- 
ing out immense quantities of mud (shale) and sand. The situation is 
truly becoming alarming. But the water is wet and they are using it. 
A sort of company of twenty-five or thirty have " chipped in ^ and con- 
structed a ditch from the well to an adjacent farm, where they are irri- 
gating about three hundred acres as an experimt'nt. Another case of 
commendable enterprise that should be rewarded by success. 

The above are the principal experiments at irrigation in my district. 
In all the towns where they have wells they are experimenting in a 
small way on their gardens, and about trees. From all of which we 
hope to get enoouragement 
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At Huron the Dakota Haronite, the Hncon TimeSf the Dakota Farmer, 
the Dakota Baralist all run their presses by motors driven by the arte- 
sian well alone. 

At Aberdeen, owing to the level character of the snrface, it was dif- 
ficult to get drainage for a sewerage system. By the advice of Benezette 
Williams, civil engineer of Chicago, the sewerage was condncted to 
the outskirts of the city into a deep deposit chamber. An artesian well 
was then sunk in the pump-house. From the top of the well the water 
is conduct ed through 4-inch pipes to the pumps, which raise the sewer- 
age 9f the city from the deposit chamber, through a height of 23 feet, at 
a rate of over 2,500,000 gallons per day. All this by the direct pressure 
of an artesian well that cost $3,400, was sunk in less than 90 days, 
works automatically, requires no other attention than that of one man 
to oil the pumps, requires no special building, needs no repairs, and 
costs nothing to maintain. 

There is an artesian well at St. Lawrence, Hand Gounty* that is a 
failure, not because there is no water, but because the well was not 
properly put down. The main water supply has been shut off by inju- 
dicious piping, by getting tools fast in the well, and by general bad 
management This is an evidence of the necessity of having skilled 
men to put down wells. 

At Faulkton, Faulk County, they have a well that does not give sat- 
isfaction. The men who put down the. well were inexperienced in put- 
ting down wells in the shale formation • and although they struck the 
water-beariDg sandstone at the proper depth and found plenty of wa- 
ter, owing to the well being improperly finished, they have a scanty 
supply of water. 

At Ipswich they have a well that does not give satisfaction. Here 
we have the same old story, incompetency in the men who put down 
the well. From what I could learn they struck what is known as the 
first flow, then went down to the second flow. By some means they got 
their pipe fast, and put another inside, till they reduced it to 2f inches 
at the bottom. With these impedimento they have a pressure of 82 
pounds to the square inch« with only 124 gallons per minute dis- 
charge. I have not the least doubt that if the well was finished to the 
sand rock with a 4^inch pipe, and a perforated pipe in the sandstone, 
they would have a pressure of at least 100 pounds to the square inch, 
and a discharge of from 800 to 1,000 gallons per minute. 

At Frederick they have had a deal of trouble. There is no troubleabout 
finding water, but in getting the well finished. What tbe outcome 
will be I can not conjecture. I inclose the report of Charles Cook, esq., 
that contains all the information known. 

From the foregoing facts the conclusion is irresistible that water can 
be had in great abundance and with powerful and continuous pressure 
in any part of what I have designated as subdistrict !N^o. 1, there he- 
ing no evidence of any diminution in either flow or pressure, with a 
strong probability that it can be had in paying quantities in subdistrict 
No. 2. This question will be incidentally referred to when I come to 
treat of the water supply of the other subdistricts. 

The strata of the wells in my district^ so far as known, are as fol< 
lows: 
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SMroad weU ai Aher^lMm. 

(This is the pi<nieorireUef the State. Bored 1881.] 

Drift 36 36 

Bine ctov 64 100 

Blneahale 410 510 

Limestone -• 20 530 

Blae shale (streak of sandatone, small flow) 365 895 

Sandstone 15 910 

Lime, shale, and sandstone (loos^and hard to drill) • 30 940 

Sandstone (main flow) 15 955 

Stopped on hard bottom. Drilled aboat six hoars, and made about 2 
inches. The flow at first was aboat 5()0 gallons per minute; great 
quantities of sand was thrown out, when the flow was increased to 
aboat 1,200 gallons per minute. 

Railroad well at Ashion, Spink County. 

Drift 66 66 

Black shale 34 100 

Gray shale 300 400 

Bine shale 260 650 

Sandy shale (small flow ; gritty) 10 660 

Bine shale 135 796 

Sandy shale (smaU flow) 35 830 

Limestone (yellow iJme) 30 860 

Lime and shale 32 892 

Pyrites of iron - 8 900^ 

Sandstone (main flow) 15 915 

Blue shale (bottom) 10 925 

This well was put down by the Ohicago, Milwaukee and St. Paul 
Railway for the purpose of supplying their engines. Like most arte- 
sian wells, it did not work well in their engines and was not used. But 
little use has been made of the water; the well seems to be filled up 
some way — does, not work well. 

Bailroad weU at Andover, Day CowUy. 

[Put down la 1883.1 

Drift 45 45 

Bine clay 30 75 

Bine shale 500 575 

Limestone 15 590 

Shale, with streaks of lime 480 1,070 

Sandstone (main flow) 5 1,075 

The altitude of this town is 1,505 feet, about 200 feet above the Jim 
River Valley. It is evident they stopped at the first flow. Had tiiey 
^one to the next flow they doubtless would have had a strong well. 
The railroad company has given the use of the water to the town, and 
they have a very nice fire protection. The pressure and flow are mod- 
erate, but they are sufficient. I could not arrange to get the flow. GUie 
pressure is about 45 pounds. 

WeU at Columbia, Brown County. 
fPatdowninlSSS.] 

Yellow day 20 20 

Qweksand 8 28 

Blue day 10 38 

B. Ex. 22 9 
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QniclMUid ^ ^— •• X 

Gnrel 14 S2 

Blue clay - 8 90 

QoicluaDd 15 105 

Uardpan — .. 9 114 

Chray shale 355 409 

Limestone (qaite hard) 2 471 

Blueshale (tongh) 43 514 

Limestone (hard) 5 519 

Bloc shale 200 719 

BandstoneCreryhard) • 2 721 

Sandy shale (smaU flow) 30 751 

Gray shale : 50 801 

Sandy shale (small flow) 55 856 

Limestone (broken) 6 862 

Sandstone (flow) 5 867 

Bloeshale (very tongh) 20 887 

Limestone and pyrites of iron 5 892 

Sandstone (flow) 10 902 

Lime, sand, and shale 25 927 

Sandstone (main flow; good) 37 964 

Stopped OD bard sandstone. I fonnd the pressare to be 160 pbandB 
and the llow to be 1,398.60 gallons. 

WeU at GroUym^ Broum Coumtg. 
[Pnt down la 1889.] 

Son 2 8 

Yellow clay : 25 27 

Bine clay 35 62 

Blue shale 260 324 

Limestone 3 325 

Gray shale 120 445 

Limestone (end of 6-inch pipe) 4 449 

Blue shale 4:X) 879 

Limestone (end of 4i-iuch pipe) 10 889 

Sandstone (perforated pipe) 33 922 

I fonnd the pressure 135 pounds and the flow 828.90 gallons per min- 
ute. This is the second well they have here. The first one is uncou- 

trollable; the water fonnd its way outside of the npper pipe; kept 
washing away until a hole over 30 feet across and 100 feet deep, and 
still getting larger, is tbe result. What the end will be nobod^^ knows. 

Artesian wel^ must be carefully put down. . 

Weli at Harrold, Hughes County. 
(Pat down hi 1888.] 

Sofl 8 S 

Yellow clay , - 38 40 

Blue clay 70 110 

Bowlders in clay 15 125 

Blue shale 155 880 

LimeHtone 3 282 

Blueshale 168 450 

Gray shale (streaks of limestone) 100 550 

Black shale 50 600 

Black sandy shale (water rises to 75 feet.of top) 140 740 

Gray shale 160 900 

Blue shale (at 1,000 feet, small flow) 400 1,300 

Blue shale and lime streaks (3 small flows) 183 1,433 

Lignite 2 1.435 

Sandstone (main flow) IS 1,451 

Brownshale •• .« 3 lt45S 
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I oonld not visit this well, but understand the pressure is 40 pounds 
and the flow 150 gallons; temperature 95^. The altitude of this plaoe 
is 1,799 feet, about 500 feet above the Jim Elver ; still the water comes to 
the top. 

Well at Brittan, Marshall County. 

r^at down, winter 1^88 and 1889.] 

Sand (pockets of €oal) 90 90 

Bine clay 1 25 115 

Blueshale 293 408 

Bine shale (with hard streaJu) 242 S50 

Blneshale (tough) 175 825 

Sandy 8bale 50 875 

Limeatone 5 880 

Sandandshale (stratified; flow) 26 906 

Shale, lime, coal, and pyrites 70 976 

Sandstone (flow ; shale near bottom) 28 1,004 

The altitude here is probably about 1,500 feet. They evidently 
stopped at the first flow; yet I found, the well had a pressure of 121 
pounds and a flow of 601.20 gallons per minute. When flowing freely 
a little milky, owing to a stratum of gray shale near the bottom. Well 
used for water supply for the town. 'So irrigation ; could be. 

Well at Doland, Spink County, 
[Put down in 1889.] 

Yellow day 12 12 

Black clay , 30 42 

Bine shale (firm) 33 75 

Bluo shale (soft) 200 275 

Soap stone 50 325 

Bine shale 135 4flO 

Shale, sand, and lime (small flow ; clear water) 900 550 

Blae shale (lime streaks) 330 880 

Sandstone (main flow) 15 895 

Blae shale (stopped) 2 897 

I found the pressure of this well 112 pounds and the flow 710 gallons 
per minute, and the temperature 68^. The altitude of this place is 1,355 
feet. It IS evident they stopped in the first flow. At first there was a 
Aow of only about 200 gallons. Large qnantities of sand were thrown 
oot, when the water cleared and the present flow were obtained. The 
indications point to a large flow an4 high pressure by going deeper. 

Arteaian weU at Haron, S, Dak, 

[Conatmeted for fire pnrpoMB. Completed September 6, 1886.] 

Yellow clay 13 13 

Blneelay 76 89 

Gray shale 151 240 

Hard iron rock 2 242 

8Md 5 247 

Haid sand rock 2 249 

Gxay shale 175 424 

Hard sand rock 10 434 

Gray shale 15 449 

Brown shale 101 550 

Sandrock 41 591 

Otay shale 101 692 

Brownlime 10 702 

Sand rock, white (flow; good pressure) 50 752 

Haid sand rock 10 762 

tend look, white (second flow) 40 802 
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The boring was continued 61 feet deeper tbtoagh hard sand rock and 
gray lime, but was stopped at that point and the second flow utilized. 

From the foregoing tables it seems that the water-bearing formation 
is almost a perfect level. Some allowance must be made for inaccuracy 
in measurement, and the altitude may not be always accurately deter- 
mined. Another thing that is Vertainly determined is that the ranges 
of hills or coteaus are in no way related to the original formation. 
Another fact seems to be shown, the pressure of the well does not neceR- 
sarily decrease as the altitude increases. At Miller, Hand County, the 
altitude is 15SG and the pressure is 100 x>ounds. At Aberdeen, at the 
city well, the altitude is 1330 and the pressure is 100 pounds by the 
same instrument. Another fact seems to be shown, the deeper we go 
in the same locality the greater the pressure. If water is found soon 
after entering the shaie it will just rise to the surface, and as we descend 
the pressure invariably increases and with marked regularity. The 
temperature of the water also increases. The query naturally comes 
up. What is beyond? 

We will now turn attention to evidences of other subterranean supply 
of water. 

Without stopping to itemize, I will state that, as a general rule, all 
over my district water is generally found in what is known as surface 
wells, running from 10 to 30 feet deep. When water is found at this 
depth it is in pockets of sand or gravel. These pockets are very irregu- 
lar in extent and in depth. In some places they come quite near the 
surface — 8 or 10 feet — and underlie nearly a whole section of land. I 
have observed that on some farms there is never an entire failure of 
crops from drought. In every instance I find, upon investigation, such 
farms overlie one of these basins of water. The water in these basins 
is evidently surface water, collected from the immediate vicinity. If 
water is not found at this depth, boring must go down to a depth of 80 
to 100 feet through the blue clay. This depth may vary from local alti- 
tudes or other conditions. When water is found at this depth, it in- 
variably rises considerably above where it is found, frequently to within 
10 or 12 feet of the surface. The water in these wells can not be 
lowered by ordinary pumping. These facts certainly show that the 
source of supply of these wells is not in the immediate vicinity. 
Where, then, does the water come from? 

In another part of this report mention was made of ranges of hills 
in subdistricts Kos. 2 and 3, whose maximum altitudes were 600 or 
700 feet above the adjacent plains; that the summit of these hills was 
composed of two separate ridges, with a wide depression between. 
In this depression were numerous lakes with no visible outlets. . That 
these hills were largely composed of sand and gravel. 

Now, it is evident that the water in these lakes and all the water from 
the rains and snows that have fallen on these hills during the cen- 
turies that have passed has found its way down in this sand and 
gravel, and thus on through and into the sand and gravel between the 
blue clay and underlying shale. Hence the pressure ; hence the ap- 
parent inexhaustible supply. All along the stream and at the base of 
these hills, particularly the eastern base, numerous springs break out. 
This peculiar subterranean supply of water is more plentiful in the^ 
eastern part of my district than in the western for this reason, the east-' 
em portion is nearer the rainy regions, and hence there is a greater 
supply. But it is reasonable to believe that this deficiency is amply 
compensated for in the almost absolute certainty that water by artesian 
wells can be procured in the western part sufficient to supply any deft* 
ciency. 
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I think it if evident that the sonrce of supply of those little artesian 
wells in Grant Oonnty, in subdistrict l^o. 4, can be traced to the^ake 
region in the adjacent hills, and that further investigation will demon- 
strate that they have a little artesian j)asin in which water in great 
abundance can be procured at a nominal cost* 

Now to summarize. We have our surface wells and springs with 
their separate and peculiar source of supply. Then we have our de^p 
wells under the blue clay with moderate pressure, with an entirely dif- 
ferent source of supply. Then we hnd first the moderate flow in the 
shale; then the more powerful flow ; then the third or great flow, whose 
power and volume are such that it has been hitched to printing presses, 
sewer pumps, and flouring mills with eminent satisfaction. . Each and 
every one of these supplies seems to be separate from the others, and 
each could he exhausted, if such a thing were possible, without afifect- 
ing the others. Then, if we should go down through the shale that is 
known to underlie this third flow and we should find sandstone charged 
with water beneath, and the rule should' continue to hold good that as 
we go down the pressure, flow, and temperature increase, what would 
we have ? 

It seems to me that the facts evolved by this hasty examination are 
sofi&cient to warrant a more thorough examination, both theoretical and 
practical. It is impossible for the private individual to do it, and there 
are questions involved that even go beyond the reach of the State. 

SUB-DISTRICT NO. 2. 

This includes all that portion of my district west of sub-district No. 
1, embracing the counties of Hyde, Hughes, Sully, Potter, Campbell, 
and the western part of Faulk, Edmunds, and McPherson. 

ITS CHABACTER. 

In sub-district No. 2 the topographical, hydrogray)hical, and geo- 
logical conditions are different from those in subdisirict No. 1. In 
this sub-district there is a range of hills called coteaus ] in some places 
it is a sort of table-land, running north and south, with a northwestern 
and southeastern bearing. These bills or coteaus are the dividing 
ridge between the Missouri and Jim Rivers, and have a mean maximum 
altitude of about 700 feet above the Jim River and about 500 feet above 
the Missouri River. These hills are evidently not the result of an up- 
heaval, but are of sedimentary and drift formation, and have no direct 
reference to the underlying shale and sandstone formation in which 
artesian water is found in sub-district No. 1. I do not think there is 
any* doubt but water can be reached in this subdistrict by artesian 
wells, but I have doubts about its being procured in sufficient quantities 
to be profitable for irrigation. The wells at Highmore and Harrold are 
so imi)erfectly put down and so imperfectly finished that they are in no 
s«;nse a satisfactory test as to the quantity of water that can be pro- 
cured by this means. I have been unable to visit this subdistrict and 
make a careful examination, but from what little I have seen and what 
I can learn I understand there is a depression rnniuug along the sum- 
mit of these hills, a sort of broad valley between two lateral moraines, 
in which there are a number of small lakes with no visible outlec; they 
catch the water from the rains and melting snows. I understand 
that this elevated valley is sometimes several miles across, and thus 
serves as a great conservator of the rain and snow that falls in this 
section. The springs and wells that this feeds will be referred to in 
another part of this report. 
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p SUB-DISTRICT No. 3. 

This is to inclade all that p6rtion of my district lying east of sub- 
district No. 1, except the county of Grant, and that portion of Roberts 
Coanty lying east of the Indian reservation, embracing the counties of 
Deuel, Hamlin, Clark, Coddington, the eastern part of Day, Marshall, 
and that part of Roberts lying in the Indian reservation. 

ITS CHABAOTEB. 

t 

In sub-district l^o. 3 there are conditions not found in either Nos. 1 or 
2. Like sub-district No. 2 there is a range of hills or coteans mnning: 
in a north and south direction. These hills also have a depressed sum- 
mit. In this elevated valley are also numerous lakes with no visible 
outlet. There is this difference, however: Sub-district No. 2 lies farther 
west and is nearer the arid regions, consequently there is less precipi- 
tation, while No. 3 lies farther east and is nearer the rainy region, 
consequently the lakes are larger, more numerous, and hold their water 
longer. The result is there is a greater supply of subterranean water 
in the drift in this subdistrict than in No. 2. The evidences of this will 
be considered in another part of this report. The mean maximum alti- 
tude of this sub-district, as near as I can learn (for I have been unable 
for want of time to determine that fact definitely ), is about the same as 
in No. 2. There is another condition, or supposed condition, in this 
sub-district that is fundamentally different from either of the otuer sab- 
districts. There is a suspicion, and with considerable reason, that the 
archdBan rock comes so near the surface in at least a large portion of 
this sub-district as to preclude the possibility of getting water by arte- 
sian wells. South of this sub-district, in Minnehaha, Moody, and Lake 
Counties, what is known as the Sioux quartzite crops out in vast 
quantities. At Salem, in McCook County, they struck the quartzite at 
220 feet. I understand that at Vilas, in Miner County, they struck the 
quartzite at between 400 and 500 ieet. At the agricultural college at 
Brookings, Brookings County, they bored to a depth of over 800 feet, 
and claimed to strike solid rock; but President McLouth informs me 
that there was no evidence of the fact produced. At Ortonville, 
Minnesota, on Big Stone Lake, granite crops out. At Milbank, Grant 
(>ounty, where the altitude is 1,168 feet, they struck the archsean rock 
at 320 feet deep; this is eleven miles west of Ortonville. This is the 
only evidence that has come to me that the archsean rock comes near 
enough to the surface to interfere with artesian wells In this sub-district. 

SUB-DISTRICT NO. 4. 

This includes the county of Grant and all that portion of Roberts 
County lying east of the Indian reservation. 

In sub-district No. 4 we have conditions that are radically different 
from any of the other subdistricts. At Aberdeen, Brown County, we 
are at an altitude of 1,330 feet. As we go east, after crossing the Jim 
Kiver, we find we are ascending an inclined plane. At Andover, in Day 
County, we are at 1,505 feet. At Webster we are at 1,871 feet. At 
Wau Bay we have dropped a little, and find we are at 1,842 feet. At 
Summit, the eastern boundary of the Indian reservation, we are at 
2,030 feet. We now pitch down to Milbank, in Grant County, and 
find we are at 1,108 feet, in a beautiful valley. In passing through the 
hills stratified gravel is to be seen in the cuts and other evidences that 
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go to show that these hills are drift, modified drift o^ sedimentary for- 
mation, and*not the resalt of an npheavaL 

A hasty examination discloses these facts : We see that the eastern 
slope of these hills is qaite abrapt. . We see at the base of th^e hills a 
valley that is lower than the rest of this depressed valley. Inside and 
to the east of this it is skirted by a low parapet, inside of this another ; 
these mark the lines of lateral moraines. We learn that east of here 
11 or 12 miles the granite crops out. There is bat little hope that arte« 
sian wells proper will ever be foand here. At Mil bank the arcbsBan rock 
was struck at 320 feet deep; the last 20 feet was gravel charged with 
water, which rose to abont 20 feet of the snrface. There are a large 
nnmber of flowing wells in this district. There are also a large nam- 
ber of large springs along the base of the hills. The evidence points to 
an abundance of water near the bed-rock, and under the shale, that 
rises to near the surface when tapped. Altogether there is an abun- 
dance of water in this subdistrict for every purpose when the proper 
means are taken to procure it. This would certainly be a splendid 
dairy country. 

The water supply of this sub-district, its source and its application, 
will be more fully considered in another part of this report. 

GENEBAIi BBMABKS.* 

The first question that conftonts us in discussing this subject is, do 
we need irrigation in South Dakota t 

I am aware that there is a great deal of sensitiveness among our 
I>eop1e in reference to this question. While they are willing to admit 
that there are times that additional rain would be of great benefit to 
crops many of them are not willing to admit that irrigation is a neces-' 
sity. This feeling is stronger in the eastern and southeastern part of 
the State than in the central and western, for the reason that they 
have more rain-fall. 

In the first place there are droughts in all countries. In the second 
place, the less the mean annual rain-fall the more freqaent the droughts 
aad the more destructive they are, other conditions being equal, until 
there is a point reached where the drought is perpetual. The peculiar 
character of the soil has much to do in conserving the water, and thus 
resisting the drought. Proper cultivation also conserves the water. 
This has been so often demonstrated that it has become an axiom in 
agriculture. But there is a point beyond which neither culture nor 
condition of soil will resist drought. If these conditions can be reme- 
died at a less cost than the profits thereof, then it is a necessity to 
successful farming; and that is all there is of the question. Water is 
absolutely necessary to vegetable life, an^ its application in proper 
quantities and at proper times is necessary to its highest development. 
This is irrigation. It follows then that irrigation is necessary to the 
highest degree of agricultural development. Why try to shun itt 
Why try to smother it down t 

The question that now confronts us is simply this : Can we get water 
in sufficient quantities to supply any deficiency of rain-fall that may 
exist, and apply it at a cost that will justify the expense? I believe 
that the affirmative of the above proposition can be demonstrated, and 

*k% State Irrigation-Engineer of Sonth Dakota, Major Coffin sabmlts, without 
pT^ndioe to the fixnitationii impoeed by the Jaw, tne following anggestionfl and oon- 
elnslona. 
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« 

that we have ai\ abnndant supply pf Babterranean water for eyery P^uv 
pose. 

I am aware that there are gentlemen whose opinions have been. 
looked npon as anthority, that maintain that irrigation by artesian 
wells, o( by any snbterranean snpply of water, will be only partial or 
temporary; that no great permanent system of irrigation can be built 
up by onr artesian water snpply. This qnestion can never be settled 
by theoretic discnsslon. ^< The more we argae, the more we disagree." 
The only way to settle this qnestion is to try it. That will settle it 
beyond cavil* This conflict of anthoritative opinions is a constant bar 
to the farmer, preventing him from obtaining money to improve his 
farm. It is an effectual embargo on his enterprise. 

It must be borne in mind that we are not an arid country; that we 
have almost enough rain-fiEJl to supply our wants. Just how mucli 
water will be needed can only be determined by very careful experi- 
ments. 

In sub-district No. 2, 1 am satisfied that a great deal of water could 
be collected and conserved by. constructing dams at the mouth of ra- 
vines and draws, thus collecting the water from rains and meltin^^ 
shows, and in some instances from springs. Sometimes we have heavy- 
snows in winter, followed by rains in the spring. At such times 
the water in great quantities flows off into the streams and thus leaves 
the State, and contributes no inconsiderable part to swelling the already 
overflowing rivers, carrying devastation and death to the inhabitants 
of the valley of the Lower Mississippi. Could this water be held in 
reservoirs it would serve many useful purposes. Some of it would per- 
colate through the sand and gravel, and thus re-enforce our springs and 
wells; some would pass off by evaporation, thus adding humidity to the 
atmosphere, and thus feeding vegetation. Then the surplus could be 
drawn off and used for irrigation, as required. Were this process car- 
ried far enough it is not unreasonable to believe that it would preclude 
the possibility of destitution in one section and destruction in another. 
In many places in this subdistrict springs of great capacity are found, 
as have been noted in reports already sent in. Just how many of these 
there are, only a careful examination will determine. All there is could 
doubtless be used to great benefit. Then there is the water from the 
wells, ^hallow and deep. From these the water could be raised by 
wind-pumps. Then we have at least a prospect of artesian wells that 
will be ample to supply any deficiency. 

It seems too true that the evidence and indications are sufficient to 
indicate and justify a thorough practical demonstration of the feasi* 
bility of irrigation in this section. Should the scheme prove successfoi 
the benefit will be incalculable. It will enable the people who are here 
now to save their homes to which they have held on so tenaciously. It 
will also encourage others who have no homes to come here and im- 
prove this now idle land and build up happy, prosperous homes. I 
might add here that these elevated table-lands, with their rich native 
grasses, unsurpassed for their nutritive qualities, would make one of 
the finest sheep-raising countries in the world, while large portions 
of it is suitable for general farming. Its fertility is unsurpassed. The 
resources are evidently here; they only await development. 

In sub-district No. 3 the surface supply of water is similar to that in 
sub-district No. 2, only there is more of it, owing to there being more 
rain-fall. What has been said about the conservation and utilization of 
water in sub-district No. 2, will apply here. The topography of the 
country is somewhat similar. In my former report I referred to the 
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meoess of artesian wells in this snbdistrict as being a mooted question. 
I diaU ever believe that artesian wells can be procured in at least a 
lamre part of this snbdistrict, until a thorough test proves a failure; 
and iM)8sible benefits are so great that that test should be thoroughly 
made. 

In subdistrict No. 4 we have a peculiar condition of circumstances. 
In my former report reference was made to the depression of this val- 
ley ; also to the elevation of the hills lying west. 

The construction of dams at the mouths of the ravines at the foot of 
the hills in this sub-district could certainly be made to conserve vast 
qaantities of water; perhaps sufELcient for all irrigation requirements 
in reasonable reach. There is perhaps more rainfall in this than in 
either of the other sub-districts. The little artesian or flowing wells 
in this sub* district are a ^Hhing of beauty." The clear, pure, cold 
water of these wells could be utilized for dairy purposes. Then the 
waste water could be collected in reservoirs and used for irrigation 
when needed; and in the mean time could be used tor the propagation 
of flsh. Just how many of these wells there are I have been unable to 
learn. How many can be had nobody knows. I understand that, like 
od^er sections of the State where deep wells are sunk, the water rises to . 
near the surface and, as elsewhere, could be easily and cheaply pro- 
cured by wind pumps. I expect to see, in the near future, this to be 
one of the finest dairy countries in the Northwest. 

We now come to sub-district No. 1. In my. former report I have given 
the pressure, flow, depth, and strata of these wells. There is no longer 
any question about water being found in this sub-district in vast quan- 
tities. There is no other artesian basin of like extent, with such pow- 
erful pressure and flow, discovered. 

The formation is a difficult one to drill through, being mostly shale, 
with occasional streaks of sand or sandstone. These furnish water 
which softens the shale and increases the liability to cave in. Hence the 
necessity of keeping the boring well cased. This makes the sinking of 
the wells slow and difficult with the drills now in use. However, two 
reaming drills, have recently been invented. One by Mr. A. E. Swan, 
of Andover, Day County, the other by Mr. Bowe, of Huron. The last- 
named drill I have seen in use in the well now being put down by J. D. 
Howard, at Huron. These drills promise to cheapen and facilitate the 
putting down of these wells. There is no question but the cost of put- 
ting down these weUs will be materially lessened as we become familiar 
with the proper manner of putting them down and get the proper tools 
to perform the work. 

There is another question that will have to be solved in the near 
future. That is, what must be used for casing the wells t It is a known 
fact t^t the water from these wells soon destroys tin vessels. From 
this it would follow that it is only a question of time when the iron 
casing of the wells will be destroyed by corrosion. It would be impos- 
sible to remove the corroded pipe and put in new. Even if the old pipe 
could be removed the walls of the well would cave in, and thus destroy 
it. If new casing is put inside of the old it will weaken and lessen the 
well, and in time this would destroy it, continually making it less. So 
it seems that, to make the wells permanent, some substance must be 
found to coat the pipes or to make the pipes entire that will resist the 
c<Mrrosive effect of the water. Some have suggested the coating of the 
pipes with glass, while others have suggested the making of the pipes 
of aluminum. He w^ discovers bow to make a piping for these 
wells that will resist corrosion, so that it can be furnished at moderate 
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cost, will be a bene&otor. It may be thought impudent or unttecessary 
to spring this question now, but it seems to me it is wise to prepare for 
possible coutingeucies. 

It seems to me that one of the great questions, if not the question to 
be solved, is the method of using this water. Some would select suit- 
able locations and put down large wells, so that the water would flow 
into the lake beds and small streams, and thus furnish surface water; 
first, for stock ; second, believing that the evaporation would furnish 
humidity to the atmosphere, enough to increase our dews and rain-faU 
to a degree sufficient to supply our wants. Then there are those who 
would select suitable locations and put down large wells, and conduct 
the water as far as possible by main ditches, to be used on adjacent 
land when needed. And still another plan is to conduct the water 
through the land by means of tiling. A plan of this kind is being 
evolved by W. P. Butler, C. E., of Aberdeen, Brown County. I 
understand that he is organizing a company^ and expects to make a 
very thorough experimenl^in that way. 

As to the first method, that is, by filling the lake beds and small 
streams, I think there are grave donbtsaboutthe relief being adequate. 
Those who advocate this plan say that when our lake beds and small 
streams were full of water we had heavy dews and plenty of rain, but 
when the little lakes and small streams began to dry up, rain and dews 
began to decrease. I think the mistake here is, the effect is taken for 
the cause. The lakes dried up because the rain failed to furnish the 
needed supply. The dews disapiieared, because the humidity of the 
atmosphere was lowered ; the evaporation from the earth decreased be- 
cause the rains had diminished ; hence there could be no dews. The 
air became dry ; the earth became dry. The burning rays of the sun 
were reflected from the parched earth ; hence hot winds, that in their 
eager search for moisture, drank up what little there was in vegetation, 
and left it withered and dying. Doubtless these hot winds would be 
.modified and their blasting enect lessened by this surface water. For 
it is a noticeable fact that crops that grow on the northeast side of 
bodies of water htand a drought better than those that grow elsewhere. 
So that while these bodies of water would be beneficial, I do not think 
they would be sufficient to avert a drought And hence we must look 
to some ot her plan for permanent and reliable relief. 

The next plan, or that of putting down large wells and serving a large 
tract of country, is open to some serious objections. Among the most 
important are such as attach to almost all corporate systems and which 
might in a work of this kind, prove greatly embarrassing. 

The plan of Mr. Butler, of Abei^een, is an old one, having been in 
operation in England for a great many years. It combines irrigation 
and under drainage, and is designed to equalize the moisture tnder all 
conditions. Results of this plan will be watched with great interest. 

The plan that seems the most feasible, and the one that will prove 
the most satisfactory, is for every farmer to have his own little well, 
and have it so constructed that he will have absolute control of the 
water. In countries where they irrigate, the rule is, the water has to 
be carried across the country from a reservoir to the land where it is 
needed j and in this way a great deal of the water is lost. Here the 
reservoir lies under the farm and can be reached without molesting any 
one. By this plan the farmer can select a suitable place for his well, 
which will likely be a suitable place for his buildings. If it be found 
better to expose the water to the action of air and light before apply- 
ing to the soil, he can construct his reservoir ; he can here grow his own 
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fish ; nse his water when he likes, without direction or permission from 
anyone, — something that few can say in other irrigated coantries. He 
can nse the power to rnn a feed-mill, corn sheller, thrashing-machine, 
or any other purpose for which he needs power, with no extra cost 
whatever save the construction of a motor which any carpenter can 
make at slight expense. He can have his fountains ; he can sprinkle 
his grounds ; he can extinguish fires ; he can defy corporations ; he can 
feel assured of a maximum crop every year ; he is dependent upon no 
one } he is ^^ monarch of all he surveys." These are some of the reason- 
able possibilities of a proper development of our resources. 

In a general way it is believed by those who have had experience in 
irrigation, that it would be better to collect the water in reservoirs and 
let it stand for a time exposed to the action of light and heat. In coun- 
tries where they irrigate, the water they use is mostly collected from 
streams and has been fertilized by the action of air and heat ; it is also 
charged with silt, which adds to its usefulness. The silt we can not 
get, but by storing in reservoirs we can get the chemical action of light 
and air. In a v6ry short time it also becomes filled with innumerable 
animalculse, which is no inconsiderable item. Although invisible they 
add greatly to the fertilizing efi'ect of the water. The water could also 
be applied much better when held in large quantities. 

Another advantt^ge of this plan would be no more water would be 
used than would be needed. It is always prudent to be economical in 
using even that which seems to be inexhaustible. Improvidence is not 
justiljable under any circumstances. 

Whatever system of irrigation that may prove to be th>' best, it will 
certainly be the cheapest, most effectual, most reliable, of any syst<^m 
of irrigation in existence. We shall not depend upon the amount of rain 
or snow that may fall on adjacent mountains. Our farmers need not be 
in fear of the whims or caprice of corporations. Neither will they be in 
fear of the breaking of dams or dikes. But with their water always in 
hand they are ready for any emergency. 

With all these prospects before us, and with unswerving faith in their 
ultimate realization, it may be asked why we invoke the assistance of 
the General Government. In the first place there is a condition of 
things here that is anomalous as far as irrigation problems are con 
eerned. W hile we who are familiar with local conditions are confident 
of results, there are those with whom we have to deal who have doubts. 
These doubts must be removed to insure success. A large portion of 
this State has been settled in the last ton years. The seasons of 1379 
and 1880 were dry. When the remarkably heavy snow-fall of l^^SOand 
1881 went ofif in the spring of 1881, every low place was filled with water. 
^n the succeeding years there were copious rain falls. The Northwest- 
ern and Chicago and Milwaukee Eailroad pushed their lines through 
this qewly opened country. 

The marvelously productive soil of this country, stimulated by timely 
showers, produced crops that were a continual surprise. The country 
settled as if by magic. Farmers were buoyant with hope ; elated with 
enormous returns, they invested all their means. They then mort- 
gaged their property to get more money to further improve their farms 
and prepare for more extensive operations. Conservative capitalists 
were ready and willing to advance the required money. The loans 
were made. For a year or two the interest and taxes were paid, then 
the rains began to be less frequent in their visits and shorter in their 
stays, until the whole United States know the story of the past winter. 

it is painful to write these things, but sometimes the truth must be 
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told. We expect good seasons again. We have reason to expect 
them. It is not always dry here. We have had timely showers the 
present season, and prospects at present are most cheering. Bat if the 
history of the past is any criterion we shall have dry seasons again. We 
^irant to act the part of prudent men and be ready lor them. Just now 
capitalists are a little ^^shy " of Dakota. '< A bnrnt child is afraid of 
fire.'' When we tell them that if they will let ns have the necessary 
money at a rate of interest that we can aftbrd to pay, we can bring the 
water to the surface and dety droughts, they look at us in ominons si- 
lence. But may not the General Government with a comparatively 
small sum of money put down enough wells under the eye of an expe- 
rienced engineer to demonstrate beyond doubt or cavil the feasibility 
of this plan t When that is done the spell is broken and the problem 
is solv^. Without Government aid the problem may be solved by 
corporations. They will then put down and own the wells and rent us 
the water that is nature's bounty. 

If it is within the province of the General Government to make dona- 
tions of lands to enable a railroad company to build their lines through 
a new country, or to appropriate money to experiment in beet-sugar 
manufacture so that the makers thereof can be assured of success be- 
fore they make investments; it is certainly within that province to make 
an appropriation to solve the problem of artesian irrigation, so that the 
farmers will be enabled to help themselves by borrowing money at a 
minimum rate of interest. 

In this report I have said nothing about the south district of the east 
part of the State, or that part lying south of the main line of the Chi- 
cago and Northwestern Bailroad and east of the Missouri Biver. That 
district is in the hands of another who will ably treat it. I might, how- 
ever, be permitted to say that artesian irrigation is doubtless practicable 
in a large portion of this district, as they have a number of excellent 
wells. In a portion of that district they have additional rain-fall. Yet, 
I think, that advancing civilization and more scientific culture will 
demonstrate that it will be profitable to utilize all the water for irriga- 
tion. Then the great western part of the State is yet to examine. A 
careful examination by a practical eye may make wonderful disclosures. 



REPORT OF HORACE BEACH, SPECIAL EXPERT. 



Parsaant to my appointment as special expert, I reported to Maj« 
Fred. F. B. Coffin, State engineer for South Dakota, and proceeded to 
examine tbose localities in said State that are considered as most un- 
likely to famish flowing artesian water : 

It is well known that an npheaval has taken place in the eastern and 
southeastern part of the State, and that the quartzite comes to the sur- 
face at Sioux Falls, and at intervals of over 50 miles west of that place. 
It is largely exposed on the James Biver in township 101, range 58, and 
the effect of this upheaval extends as far north as Pipestone County 
in the State of Minnesota, and probably to Big Stone Lake. Wherever 
the Archaean rocks come to or near the surfiacey no flowing wells are 
likely to be found, as the water supplying the sands of the Oretaceous 
do not underlie this formation. 

In the eastern part of the State there is a divide called '< Goteanx des 
Prairies." It seems to be composed of drift, and which is found to ex- 
tend to an unknown depth. The elevation of this ^^Ooteaux" above 
James Biver is 566 feet, and above sea level, 1,845 feet This drift lies 
Id large hummocks or hills, with valleys intervening, in which are 
namerous lakes and beds of lakes. These lakes are no doubt the source 
of the shallow flowing wells that are found in the stratified drift, and 
when filled with water they help to condense the moisture and make 
dews and rains. These shallow flowing wells are of great importance 
to the settlers, and they are remarkable for their little depth, the purity 
and large flow of water. They are found in Grant County east of the 
'^Coteaux," and of McOook, Hanson, Miner, and Sanborn Oonnties. 

The following is a tabulated list of those I have investigated : 

Table of $hallow welU. 



Kame of owner. 



OnrneT Broo., "Sfo. 1. 

Do 

S. 8.Poands 

George 8«ita.. ....... 

Willte Batlor 

Fnd Batler 

F.R. Saatoia 

W.H. Holmoa 

A C. Noptna 

William Riiisl^ya.... 

W.P.SeeTea 

O.O.Trippa 

PaolBacbaT 

BUey Campbella 



Baage. 



Seo. 8,t. 104,r. 56.. 

— do 

Soo. 8. t. 104,r. 56.. 

do 

...do 

.. do 

SSec. 8, t.104, r. 57.. 
Sec. 12, 1. 104, r. 57. 

... do 

Sett. 7, 1. 104, r. 56.. 
8eo. 7, t.104, r.58.. 

...do 

Sec.7, 1. 105, r. 57.. 
Seo.7,t.l06.r. 66.. 



Depth. 


Flow 
daily. 


F§eL 


Oatton$. 


85 


123,840 


190 


8,620 


100 


17,600 


107 


103.488 


150 


82,000 


90 


66,800 


125 


2,840 


125 


3,840 


180 


2,500 


125 


1,600 


127 


1,920 


184 


4,160 


150 


19,200 


117 


4,160 



It is not known to any degree of exactness how far the Arch»an 
rocks that are supposed to lie under the ^'Ooteaux des Prairies" reach 
westward as to preclude the possibility of securing flowing artesian 



water. 
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A bore was made at Millbank, Grant Counly, east of the ^^ Goteaa.'* 
Oranite was foand at 320 feet and bo flowing water was obtained. Ten 
miles east of this, at Ortonville, Minnesota^the granite lies at the surface. 

At Albee, in township 118, Grant Gonn^, two attempts were made to 
bore, and granite was strack each time at 168 feet. At Brookins, 
Brookins Gonilty, three attempts were made to obtain artesian water. 
One was made by a private individual, one by the city, and one at the 
agricnltarai eollege at that place. • In each case the boring reached 
500 feet and no water fonnd. The drillers claimed to have stmck gran- 
ite. At Yilas, Miner Goanty, a well was bored by the Ghicago, Mil- 
waukee and St. Paul Railroad Gompany, and granite was found at 500 
feet. Matthias Duclos, about 4 miles fh)m Salem, McGook Oonnty, 
bored a well 350 feet without getting water, but struck a flow of inflam- 
mable gas. As far as developed it seems v^ry uncertain about obtain- 
ing water under the ^^ Goteaux." 

I estimate that there is an area of over 20,000 square miles in South 
Dakota where artesian water in large quantities may be procured. 
The basin of the James Biver valley is probably the most remarkable 
of any yet discovered. The highest point between Huron and the 
river is on the ^^ Ooteaux de Missouri," at Highmore, on the line of the 
^Northwestern Railroad. This place is 6?4 feet higher than the James 
River at Huron, and 1,908 feet above the sea-leveL An artesian wdl was 
bored here to the depth of 1,552 feet, and an artesian flow was obtained 
of about 10 gallons a minute, which rose to about 10 feet above the 
surface of the ground. Every other attempt which has been made on 
the road to the westward has been successful, and I am of the opinion 
that artesian water can be found anywhere on the ^^ Coteaux du Mis- 
souri ^ where the elevation above the sea-level does not exceed 1,900 
feet. Archaean rocks have not been found beneath the ** Goteaux du 
Missouri," and there is not so much drift to be observed as at tlie 
^^ Goteaux des Prairies." It presents more of the appearance of a denu- 
dation. 

Artesian water may be obtained at Pierre, Hughes Gounty, at a depth 
of from 1,200 to 1,300 feet. There is no reasonable doubt that the 
water-bearing sands of James Valley are a part of the Gretaceons 
period, and exist and pass under the Missouri River, and that wells can 
be bored west of that river. 

I visited the following towns during this inquiry, viz : Gettysburg, 
Potter Gouuty, township 118, range 76, is 2,070 feet above the sea- 
level ] an attempt was made to get artesian water, borings were made 
to the depth of 1,300 feet, and the work was abandoned ; at Eureka, 
McPberson Gouuty, township 126.7, range 75, altitude 1,878, artesian 
water may be had here ; and also at Roscoe, Edmunds Gouuty, town- 
ship 123, range 70, altitude 1,820 feet, artesian water, the same result. 
The town of Lake Preston, Kingsbury County, township 110, range 54, 
lies in a depression of the Goteaux des Baines, and possesses an excel- 
lent farming country and has the following lake-beds in its vicinity: 



Lakes. 



Preston (no water at present) 

Barlcer (no water at pr»»j^nt) 

White Wood (no water Si present) 

Henry 

Thompson 

Total 



•^ ' 



Atrt9. 
7.060 
2,000 

e,ooo 

].S0« 
S.00O 



XSkSOO 
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The above-named lakes are connecced and now bave bat little water. 
They are the best storage reservoirs probably in Soath Dakota, and for 
experimental borings this woald be the proper place to make them. 

In 1883. at the reqaei»t of the Hon. George B. Loriug, I visited the 
valley of the James liiver and«reported that I believed artesian water 
might be obtained anywhere in the valley, bat at that time I had 
no idea of the almost inexhaustible supply of shbterranean artesian 
water, which subsequent investigation has demonstrated to be there,* 
subjected to an immense hydrostatic pressure which if developed will 
furnish abundant power for all economic purposes. 

AJTALTBXS OF DAKOTA. ARTBSIAN WATERS. 

SoxTTH Dakota Aobicultubal Coixeob and Experiment Station, 

Brookings, 8, Dak., June 19, 1890. 

Dear Sir: I inclose herewith the report of the qaiblttatlvQ analysis of the samples 
f Artesian water from the two Dakotas, sent by the order of Prof. G. £. Cnlver. Bat 
four samples have been received up to date, and I have received no instructions 
as to whom the reports should be sent. Therefore I take the liberty to send them 
directly to you. 

I bave waited as long as possible thinking that perhaps other samples would come 
in, but since the time ia now so short that it wonid be impossible to do further work 
in time to have the reports in Washington before the l^th instant, it seemed that fur- 
ther waiting would be useless. 

.In the reports only the substances found are reported. A searching examination 
has been made and although it would not be included in a qualitative analysis proper, 
I have taken 'the liberty to determine the total amount of salts dissolved in each 
sample. 

The thought occurred to me that this datum might be of use to yon in determining 
how moch mineral ingredient would be added to the soil fiom a given quantity of 
water. 

Hoping that you wUl be pleased- with what I have done^ I am, very sincerely, 

' Jab. H. Sukpard. 

Hon. Edwin Willits, 

Assistant Seorttarjf of Agrioulture, Washington, D, C 



OAKBS artesian WATER, 

Sample sent by A. G. Swan who states that they are still working at the pipes in the 
well. Water is turbid owing to the presence of suspemled clay, but Mr. Swan states 
that the water runs clear when work is not ^ing on in the well. 

BasiBS.^lxou and potassium, small quantities; calcium and sodium, much ; magne> 
riom, a little. 

Jcids.— Silica, considerable; carbonic and sulphuric, moderate quantities ; hydro- 
chloric, much ; total residue per liter, 2.810 grams. 

devil's lake artesian WATER. 

Sample sent by T. &. Beuham. Water somewhat turbid. 

Bases,— Itou, magnesium, and potassium, very little; calcium, small quantity; 
sodium, much. 

Acids, — Carlionic and sulphuric, much ; hydrochloric, very much ; silica, small 
quantity ; total residue per liter, 4.006 grams. 

NdTB. — These two samples came frum North Dakota. The waters are not alkaline 
to Phenol phthalein indicator. 

FAULKTON ARTESIAN WATER. 

Sample sent by €toorge A. Morse. Water clear with no taste or odor. 

Bases.^^lTon, small quantity ; calcium, small quantity ; magnesium, small quantity ; 
sodium, much ; potassium, a little. 

Acids. — Carbonic, sulphuric, and hydrochloric, much; silica, smaU quantity ^ total 
ittiidue per liter,' 2.0572 grams. 
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BmjLBR ARTESIAN WATBIL 

Sample sent by 6. H. Carroll. Water dear withoat taste or odor. 

^a««.-Iroii and potassium, small quantities; magnesium and sodium, modmte 
quantities ; calcium, much. ^ 

u^ckb.— Carbonic and sulphuric, much ; hydroehlorio, moderate quantities ; silica^ 
small quantity ; total residue per liter, 2.090 grams. 

^NoTB. — ^The two preceding samples are from South Dakota. As expressed, the 
total residue may be very closely called so many parts per thousand. 



Cbxmical Laboratory, Rush BIxmcal Collegs, 

Chicago, 20., Jfay 9, 1887. 

Hon. H. J. Rice, 

Huron^ S. Dak. 

DsAR Sir : The two si>ecimens of water from your dity's artesian well have been 
subjected to careful chemical analysiB, with the following results. Each standing 
gallon of 231 cubic inches contains : 

QnfaiB. 

Silica 0.90 

Sulphate of potassium 0.75 

Sulphate of sodium 53.13 

Sulphate of calcium 34.70 

Sulphate of magnesium 5.15 

Carbonate of magnesium 7.60 

Carbonate of iron .* {..... 0. 11 

Alumina Traces. 

Organic matter Traces. 

Total 102.34 

The following figures show an analysis of the water which is very bad, havii^ 47 
degrees of hardness, and the enormous amount of 122 grains per gallon, U. S. A.: 

Qnina. 

Carbonate of lime • 13.10 

Sulphate of lime .' 20.72 

. Sulphate of magnesia ^. 13.34 

Cliloride of sodium 13.10 

Sulphate of sodium 60.70 

Silica 1.26 

* _— 

Total solids — .. 122.21 



REPORT OF J. W. GREGORY, FIELD AGENT FOR THE MIDDLE 

DIVISION. 



The division assigned to me consists of all of Nebraska, Kansas, In- 
dian Territory, and Oklahoma lying west of the ninety-seventh merid- 
ian and that portion of Colorado east of the one hundred and third 
meridian. It contains portions of five of the grand civil divisions of the 
United States and has an area of 150,000 square miles. 

In the prosecution of the field work in this division, since April 16, 
last, I have traveled 7,175 miles, prepared and mailed 2,792 letters and 
packages and I have received, classified, and briefed in duplicate 983 
oommnnications, requiring the handling, in the various processes of 
writing, addressing, inclosing, mailing, classifying, briefing, etc., of 
some 65,000 papers and documents.- Averaging, this would amount 
to over 120 miles of travel for each day employed, about 50 letters per 
day prepared, listed, and mailed, and about 20 letter^ received, classi- 
fied, briefed, etc., besides personal inquiries and consultations, the prep- 
aration of reports, maps, etc. 

The investigation shows in this division that there are some two 
handred flowing wells; I have descriptions also of one hundred and 
twenty wells, not flowing, regarded as artesian by reason of the water 
rising permanently above the level where found, though not to the 
surface, with data showing that the number of the latter in the division 
not reported in detail is undoubtedly many times greater than those 
described. 

Incidental to the main inquiry, I have found that in this division 
there are hundreds of large springs, the waters of which can be utilized 
for irrigation, and that there are many places where the storage and 
conservation of large quantities of water for irrigation can be located. 

Underlying this division there are vasts sheets of subterranean 
water in enormous quantities — near the surface and not under pres- 
sore— with well defined and established currents, which tend towards 
the southeast, the limits of which are unknown both as to depth and 
lateral extent. 

It is easily accessible in maily places, and by the force of quantity 
alone it can be cheaply led to the surface. In other places it can eco- 
nomically be raised by mechanical means so that this source of water 
sapply, supplemented by the rainfall and the artesian wells, springs, 
and storage reservoirs, promises the ultimate reclamation of a very 
large amount of the land now properly classed as arid. 

From replies to official inquiries received from all parts of the divis- 
ion the people living west of the ninety-seventh meridian recognize the 
importance of irrigation. They know that it is improbable that private 
enterprise can be induced, within any reasonable time, to make the 
necessary experiments to find the methods and means by which these 
B. Ex. 22 10 145 
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waters may be speedily utilized. They can only hope^ then, that some 
plan may be devised affording reasonable aid in this direction, as there 
is so mach at stake^ in the reclamation of the arid conntry in which 
they live and in which are their homes and fntare interest. 

In the short time allowed for the investigation much fragmentary 
and incomplete information was obtained, which conld not be followed 
to results. For the same reason personal visits to various portions of 
my designated field were prevented. 

OENEBAL DUTIES. 

Fnder orders I left Washington, D. 0., April 16, 1890, for Garden 
Oity, Kans., which point was made the base of my inquiry. Commenc- 
ing my tour of inquiry therefrom pursuant to a plan and itinerary ap- 
proved by the special agent in charge, I proceeded via Denver and 
Cheyenne, through the State of Nebraska, stopping at many points to 
secure information and also the names of well informed persons in such 
counties not personally visited, to whom the circulars of inquiry could 
be sent. After a brief return to headquarters a similar journey was 
made through Oklahoma, the Indian Territory, and Fort Worth, Tex., 
where a consultation was had with Col. E. S. Nettleton, supervising en- 
gineer, Pro£ Bobert Hay, field geologist, and Mr. F. E. Boessler, Svis- 
ion field agent for Texas. 

At division headquarters as £EU3t as communications were received 
giving the location of artesian waters or the addresses of such as could 
give detailed information in respect to the same, they were acknowl- 
edged and classified by counties and States, and properly indorsed upon 
the outside of the envelope. The addresses of such parties as were able 
to furnish further information were enrolled. By this means the accu- 
mulated information has been made easily available. 

Beplies were not received to about one-half of the inquiries sent out. 
This was due generally to procrastination, as replies still continue to be 
received. Others failed to respond because they thought there was no 
information in the matter which they could give, overlooking the fact 
that if there were no wells that &ct was desirable to know. 

THE SXTB-DISTBIOTS. 

The temtory constituting this district lies mainly between the thirty- 
fifth and forty-third parallels of north latitude and between the ninety- 
seventh and one hundred and third meridians of west longitude. For 
convenience and clearness in presenting the facts collected and in ac- 
cordance with instructions, I have subdivided the field into eight 
districts. 

DISTRICT KO. l.-«nB.HUMID. 

That part of the division lying east of the ninely-ninth meridian is 
considered as the subhumid district. It contains in Nebraska the 
counties of Enox, Cedar, Antelope, Pierce, Stanton, Madison, Boone, 
Wheeler. Greeley, Platte, Nance, Howard, Merrick, Polk, York, Hamil- 
ton, Hall, Adams, Clay, Fillmore, Thayer, Nuckolls, and Webster, and 
portions of Wayne, Colfax, Butler, Seward, Saline, Jefferson, Frank- 
lin, Kearney, Buffalo, Sherman, Valley, Garfield, and Holt^ in Kansas 
it embraces the counties of Smith, Jewell, Republic, Clay, Cloud, 
Mitchell, Osborne, Bussell, Lincoln, Ottawa, Dickinson, Saline, Ells- 
worth, Barton, Eice, McPherson, Harvey, Reno, Stafford, Pratt, King* 
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man, Sedgwick, Samner^ Harper, and Barber, and a portion each of 
Washington, Biley, Manon, Butler, and Oowley ; all of Oklahoma ex- 
cept the area formerly known as the Public Land Strip ; and all tike 
Indian Territory except a strip off the west side, l^e purpose, in 
brief, was to cut off all the territory lying east of the ninety-ninth 
meridian as territory in which irrigation is not considered a necessity, 
though it would be of exceeding value because of the certainty of a 
crop each year tod the large Increase of production per acre which 
would be insured. It is a zone having a large population, very many 
prosperous cities and towns, and great agricultural interests. While 
there is doubtless much prejudice among its people against its being 
considered with reference to irrigation, on account of the mistaken idea 
that ''it will hurt the country" . to admit that artificial watering would 
be of any value, yet the correspondence from this district shows that 
there is a widely growing and intelligent realization among many of 
the people of the great value of irrigation as an aid to agriculture. A 
number who reside very close to the ninety- seventh meridian unhesi- 
tatingly declare it necessary to success in farming in their localities. 
The district as a whole, consiste of undulating prairie land with re- 
markably rich soil and fine climate. It is crossed from west to east by 
a large number of streams, the principal ones being the Elkhorn, Loup, 
Platte, Bepublican, Solomon, Smoky Hill, Arkansas, Cimarron, and 
Canadian. These, with their tributaries, cover the surface of the dis- 
trict quite thoroughly, not only affording a most complete means of 
drainage, and, in the main, an abundance of water for stock, but also 
offering the inhabitants in many localities rich returns for their trouble 
and expense whenever they shall utilize the waters for purposes of irri- 
gation. The northern end of the district seems to have fewer water 
courses and a dryer climate than the southern portion. There were re- 
ported to me some seventy-two flowing wells in the extreme northern 
part of district in Holt, Cedar, and Knox Counties, Nebraska. One 
correspondent, John Andres, of St. Helena, mentions three on ope 
section and sixteen within a distance of seven miles. This is in the 
extreme northern part of Cedar County. C. W. Moss, of Amelia, Holt 
County, reporte twenty wells in two townships, ranging from 55 to 80 
feet in depth. Others are reported in the same vicinity, and two in 
Knox County, though severe correspondents wrote, ^' No artesian 
wells in the county." 

An area of shallow wells of very weak flow is found in the Elkhorn 
Valley. A pipe and point driven down 30 feet produce a small stream 
supposed to be fed by lakes in sand hills lying near. This report 
comes from Bock County, as also from Holt. I have no information 
that any of the artesian wells in Nebraska have been utilized for pur- 
poses of irrigation. No other flowing wells are reported in this district 
in I^ebraska, and but Ave in Kansas. One of these, known as Strain's 
well, near Jamestown, Cloud County, flows brine, as does also a flow- 
ing wen at Great Bend, Barton County. The well of Oscar Yoigtlander, 
near the center of Ellsworth County, flows with a very slight pressure, 
and the water is used for stock and domestic purposes only. One 
other is reported at Milton vale, Cloud County, and another in Ellsworth 
County, but no information was received in response to inquiries mad^. 

The Oklahoma country and Indian Territory, for the obvious reason 
of the very recent settlement of the white popidation, present no in- 
stances as yet, of search for artesian water* 
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NIOBRARA DI8TRI0T, NO. 3. 

The large portion of the division lying west of the ninety-ninth me- 
ridian, including that part in which the admitted desirability of irriga- 
tion on the eastern border gradually merges into positive and nodis- 
pnted necessity for it on the west, I have subdivided according to the 
disposition of the natural surface drainage. -The part of the division is 
crossed from west to east by seven distinct parallel minor hydrographic 
systems: TheNiobrara, the Platte, theBepublican, the Smoky Hill^ the 
Arkansas, the Cimarron, and the Beaver or North Canadian. These have 
been made the basis of subdivision. The first of these on the north, the 
Niobrara district, contains the counties of Sioux, Dawes, Box-Batte, 
Sheridan, Cherry, Grant, Hooker, Thomas, Keya Paha, Brown, Blaine, 
Bock, Loup, and the western portion of Holt and Garfield. LitUe or 
no effort seems to have been made as yet in the way of prospecting for 
artesian water, the almost invariable answer to inquiries being that 
^^ there are no artesian wells in this part of the State." One flowing 
well is reported firom Crawford, in Dawes County, but I have no par« 
ticulars. In some parts of the district large springs are found, and the 
abundant underflow waters come, in some places, very near to and 
even above the surfoice. No mention is made of water rising in wells. 

FLATTE DISTBICT, NO. 8. 

This district in central- western Nebraska takes in the western por- 
tion of Valley, Sherman, Buftalo, and Kearney counties, the northern 
part of Phelps and Gosper, and the whole of the counties of Custer, 
Dawson, Logan, McPherson, Lincoln, Arthur, Keith, Perkins, Deuel, 
Cheyenne, Scott's Bluff, Banner and Kimball, with Sedgwick County, 
and part of Logan, in Colorado. No flowing wells are reported except 
one in McPherson County having a depth of but 30 feet and a slight 
flow. There are Ave non-flowing artesian wells in this district— one 
in Dawson County, one in Perkins, and three in Keith, though the reports 
indicate that a very large number of wells of this sort exist there. A 
great many large springs are to be found in this district, particularly 
in the valley of Uie North Platte, and underflow waters are known to 
exist in great quantity. The district as a whole is sparsely settled, 
but contains flue lands capable of supporting a large population by the 
aid of irrigation. 

BBPUBIJOAN DISTRIOT, NO. A 

This includes the county drained by the Bepublican River and its host 
of tributaries. To a large extent, these lie in deep valleys whence it will 
be difficult to carry water to the uplands ; nevertheless, the information 
gleaned from the reports leads me to believe that it is a region of very 
large irrigation possibilities. The district contains part of the counties 
of Franklin, Phelps and Gosper, and all of Harlan, Furnas, Frontier, 
Bed Willow, Hayes, Hitchcock, Chase and Dundy, in Nebraska, the 
counties of Phillips, Yum^, and Kit Carson, with part of Arapa- 
hoe, Washington, and Logan in Colorado, and in Kansas the 
counties of Phillips, Norton, Decatur, Bawlins, and Cheyenne and the 
north two-thirds of Rooks, Graham, Sheridan, Thomas, and Sherman. 
But one flowing well is reported in the district, at Oberlin, Decatur 
County, Kansas. It has but a slight flow of mineral water and is not 
used. A small flow of gas escapes with the water. Wells in which the 
water rises above the level where found are, however, plentiful in the 
district, and many facts are cited by correspondents tending to show 
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that artesian water ooald be obtained at a reasonable depth. There is 
also an andoabtedly abandant anderflow, and in the northwestern part 
of the district are found several of the same sort of roaring wells men- 
tioned as fonnd in northeastern IS'ebraska, having the additional pe- 
culiarity that the water in them tarns to a milky color on the approach 
of a northwest storm. 

aiCOKT HILL BISTBICT NO. 6. 

This district contains the s'oathern.part of the Ave Kansas counties; 
BOis, Trego, Gove, Logan, and Wallace, and the north third or more 
of Bash, Ness, Lane, Scott, Wichita, and Greely Ooanties, Kansas, and 
about half of Oheyeniie County, Colorado. Except in the western part, it 
is like District No. 4 io being traversed by valleys apd streams, which are 
quite low compared with the general surface of the upland. There are 
no flowing wells in this district, but it contains numerous non-flowing 
wells in which the water rises permanently toward the surface and is, 
in the eastern part, peculiarly rich in springs. The existence of vast 
sheets of sub-water, not under pressure, is also abundantly proven. 
At Oheyenne wells, Colorado, in the western part of this district, an 
experimental boring for artesian water was made by the United States 
Qt>vemment in 188^'84 to a depth of 1,740 feet. No flow to the surface 
was secured, but inexhaustible sheet water was found at a depth of 280 
feet. The well has never been considered in any sense a fair test for 
artesian water by the people of the vicinity who believe that the work 
was purposely hindered by unfair means and that a boring to a reason- 
able depth would produce a flow of water. 

ARKAIf SAS BISTBICT. KO. 6. 

In this district; which consists of a section of the valley of the Arkan- 
sas River, are included the remainder of the last seven counties named 
in District No. 5, the counties of Pawnee, Edwards, Hodgeman, Oar- 
fleld, Finney, Kearney, and Hamilton, the greater part of Kiowa, Ford, 
Gray, and Stanton, and a small portion of Haskell and Q-rant, in Kan- 
sas ; all of Prowers County, three-fourths of Kiowa, half of Bent, and 
t^o-thirds of Baca, in Colorado. Within these limits are to be found 
all varieties of surface from rugged breaks and sand hills to broad 
tracts of prairie, apparently as level to the eye as the waters of a lake. 
The smooth lands predominate largely and the district has exceptionally 
ftne climate and deep, rich soil. But one area of flowing wells has 
been developed, namely, at and in the vicinity of Coolidge, on the 
western border of Hamilton County. Here Ave flowing wells have 
been secured, which are tabulated as follows : 

Owner. Depth. ^^^^^ 



CILPeck 

Do 

P#ek Water WorkB 

T.B.K0IM1 

J. BL Boideri ..•...•■••....•••..•......•........••.....■>...>>..••......•........ 

The well first given was the one first found. It was put down by 
Mr. E. H. Peck, and led to further efforts which secured the others. 




*• 
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It was ased to sapply water to a large opera house which has since 
beeu barnedy thus stopping aud destroying the well. The water of 
these wells is used for town purposes, domestic use, and for stock ; but 
very little, if at all, for irrigation. 

A flowing y^elil at Lamed, Pawnee County, sends out a large stream 
of water which is strongly mineral, possessing such great curative 
qualities that bath houses, an artificial lake, and accommodations for 
invalids have been provided. It flows 400 gallons per minute. 

There are many of the non-flowing artesian wells in all parts of the 
district, and very fine springs in several localities. The district is re- 
markable for the number of water courses which have no outlet (the 
water sinking into the earth), and for the great extent and easy accessi- 
bility of its underflow waters, which in many places in the river bottoms 
stand continually above the surface in lakelets and pools. 

CIMABRON DISTRICT, NO. 7. 

This district contains the south part of the counties of Kiowa, Ford, 
Gray, Haskell, Grant, and Stanton, and all of Comanche, Clark, Meade, 
Seward, Stevens, and Morton, in Kansas, part of Baca County, Colo- 
rado, and that part of the Cimarron Valley lying within the Indian 
Territory, and what was formerly known as the Public Land Strip. It 
contains by far the most available artesian area for purposes of irriga- 
tion to be found in the middle division. There are many springs par- 
ticularly in the eastern part, and large supplies of underflow waters are 
available. Parts of the district also possess exceptional advantages for 
water storage. 

KORTH CANADIAN DIBTKIOT. NO. 8. 

This consists of the country drained by the Beaver, or North Cana- 
dian, in the ^^ Strip " and Indian Territory. It is simflar in surface, soil, 
and climate to the last two preceding districts, but no attempts to se- 
cure artesian wells have yet been made. Like the other districts, it 
contains notable springs and unmeasured underflow waters. 

WELLS OP A TYPICAL SUB-DISTRIOT. 

« 

The instructions requiring that a tabulated and detailed report show- 
ing the wells of a ^Hypical subdistrict" be made, the following detailed 
information in respect to the wells in Cimarron district No. 7, south- 
western Kansas, is submitted. It is the only district in my division 
in which artesian water has beAi used for the purposes of irrigation to 
any extent. 

The flowing wells of Meade County, according to the report of Mr. B. 
P. Cooper, of Meade, number not less than 150, are of the uniform 
bore of 2 inches, and are found within a radius of 8 miles. 

One flowing well is reported from Seward County, lying next west 
of Me^e, and two are found near the center of Morton County, at 
Bicbfield. 

All the flowing wells in Meade County are in the valley of Crooked 
Creek. 
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Name and addreu of owner. 



Olirer IToniuui, Fo vler > 

RF. Cox, Fowler X 

No.l» 

No.2» 

fi.P. Cooper, Meade« 

Georce Edwards, Meade : * 

No!iir".l"ir/.IIII."!Il!".'. 

No.8 

No. 4 

No.5 

S. N. Zortman, Fowler' 

J. A. Harts* 

LP. Bowers 

PBbUc well No. 1, Riohfleld •. 
Pablic well Na 2, Biohfleld " 



Altitade. 



FmL 



2,476 
2,476 
2,450 



MS, 200 
108,000 



Flow per 
minate. 



60 

20 
20 



•46 



1 
66 

87 

22 

8 



Depth. 



Fut. 
\3n 

142 
175 
180 

160 
160 
184 
lOO 
167 
160 
140 
125 
670 
700 



Cost 



$2aoo 

206.00 
44.00 
25.00 

15.00 
12.00 
12.00 
&35 
10.40 
607.00 



05a 00 
&26 



20 acres. Mr. Norman has two other flowing wells on the same quarter section. 

* This is the first flowing well found in the district, which accounts for the cost. Irrigates 10 or 15 
acres of land. The flow has slightly decreased since the well was begun. 

* The flow of this well has increased 26 per cent., owing to casing and clearing out of d6bris. It irri- 
gates from 10 to 15 acres. 

*■ Irrigates 10 acres from well reiwrted. Has two others. 

'Sltoatioirof No. 3 U 860 yar^ west of No. 1 ; 350 yards north of No. 8, is No. 4» and No. 6 is 550 
yards southeast of No. 4. These weUs are on one-quarter section ; southeast quarter of section 12, 
township 81 south, range 28 west. 

* Average of the fire wells. 
'Used lor watering stock. 

* This is the strongest flowing well in the district. 

*This flowing weU fonnd west of Meade County. The pressure is giren at 70 pounds per square 
iaeh, and will raise the water 126 feet abore the surface or the ground. The water is used for irrigat- 
ing trees and for gardening in the town of Richfield. The well U located higher than the town. Hon. 
'W. C. Burchsled, mayor of the city, estimates that the well will irrigate 40 acres of land without reser- 
Toir. The second well, 60 feet distant, does not affect this fiow. 

••About. 

" The slight fiow of this well Is accounted for by the foot that it was not oompleted, not being cased. 
The water of this well has not been analysed and is not now used for any purpose. The flow is about 
the same as well No. 1 prior to casing. One correspondent states that the water of these wells is 
warm and insipid to the taste, but is drunk by stock. 

In addition to the above flowing wells, the fbllowing naqaes and lo- 
cations in Meade Ooanty were given by Mr. Smith: W.^^ebman, George 
Strader, F. K. Bobbins, F. Sonrbeer, John Foster, A, W. Kearns, W. 
G. Hawkins, and A. L Craig, Fowler ; Edward McDonald, E. W. Will- 
iams, D. W. Mackey, B. H. Cooper, and C. T. Martin, Spring Lake, 
and E. O. Gray and H. 0. Gibson, Meade, one well each ; George W. 
Killeagh, of Fowler; John Werth and Ida Werth, of Spring Lake, and 
I. O. Martz, of Meade, two wells each ; A. B. Eliason, of Spring Lake, 
three ; F. M. Davis, of Spring Lake, three, and G, O, Vick, of Fowler, 
three, two of which are described as ^^good'' and one as ^^not so 
strong." 

NON-FLOWINa ABTBSIAN WELLS. 



To throw light npon the artesian supply in this district, the folIoW' 
ing description of non-flowing artesian wells will be found of value: 

Meade County. — L. F. Gishmiller, of Joash post-office, bored a well 
to the depth of 113 feet ; the water rose 43 feet above the level. The 
water is pumped for domestic purposes. The owner gives the cost of 
the well as $100 and states that he penetrated 40 feet of clay ayod gyp- 
som in sinking the well, the remainder being ^^ through dry sand," and 
that his land lies about 100 feet higher than Meade and from 100 to 150 
feet above the land of G. O. Yick, Fowler, whose three flowing wells 
famish an abundance of water. 

E. M. Mears, West Plains post-office, has a well 170 feet deep in 
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which the water rose 15 feet. It cost '$1.50 per foot and is ased for do- 
mestic parposes ; the water is clear and soft. 

The Southwestern Sugar Company, ot Meade, have a well 6 by 8 feet 
and 103 feet deep. It cost $250. liobert McHatton, of Meade, states 
that no log of the strata was kept. The water when found rose to 
nearly even with the level of the ground. The water brings up a little 
coarse white sand. 

Mr. E. D. Smith, of Meade, says : 

First a welL was bored at the mill, producing a flow, bat not enoagh for the purposes 
of a sagar mill, and then one was sunk with pick and shovel, 6 by 8 feet, on ground 
a little higher than the first ; at a depth of about 100 feet the whole bottom burst up 
and the workmen barely escaped with their lives. The water rose to within 18 inches 
of the top where it remains. 

A well owned by John W. Hudson, in the extreme northern part of 
Meade County, on a section adjoining Gray Oounty, at an altitude of 
2,630 feet, was dug and bored 113^ feet. The first water was found at 
73 feet and rose 4 feet. At 113^ feet a flow of water was found in 
white quartz gravel, which came up freely through the pipe, carrying 
up quantities of the gravel. The water rose to a height of 81^ feet, or 
within 32 feet of the top of the ground, where it remains. A log of 
this well was furnished by Gapt. John A. Shaw, of Montezuma, Gray 
Oounty. He also gives the following particulars relating to a well 9 
miles we8t of the foregoing : 

James Holcomb's well, on the northwest quarter of section 4, township 30, range 529, 
in Crooked Creek Valley, was begun in 1867 — bore 2 inches in diameter—struok first 
water at 20 feet, second water 110 feet in coarse sand. The upward flow of sand 
was so strong that it fastened the drill which was broken and left in the well. The 
water arose to within a few feet of the surface and remains so at the present time, 
with the drill embedded in the bottom of the well. 

Olark County lies next east of Meade and presents a very similar 
surface. Near the southeast corner of the county an experimental well 
was sunk to a depth of 314 feet when work ceased and water rose in 
the well sd that it now stands even with the surface of the ground. Mr. 
B. L. Stephens, postmaster at Lexington^ expresses the opinion that 
flowing water could be had at a depth not exceeding 500 feet. Strata of 
rock salt were penetrated in sinking this well. 

Kiowa County lies north of Comanche, at right angles with Clark. 
George Dewsenbury, of Mullinville, in this county, has a well 135 feet 
deep, made in 1886, in which the water stands 12 feet above the sheet. 
It is 6 miles farther north than the north line of Clark County and in a 
direct line east from wells described in Ford County. 

Ford County. — ^The southwestern portion of this county lies within 
this subdistrict. Frederick Mueller, Wilburn, constructed a well in the 
southeast corner of Ford County, a little more than a mile from the 
Meade County line, to a depth of 150 feet, in which the water from the 
first stratum rose to within 4 feet of the surface, and from the second 
stratum to within 15 inches of the surface. He says : 

Am confident we could get artesian water here, but did not have the means to bora 
further. 

L. C. Hawes, Ford post-office, had a well bored about 9 miles fh>m 
the south line of the county. It is 112 feet in depth, from which XK>int 
the water rose to within 4 feet of the surface. First water was found 
at 31 ieet. Altitude about 2,600 feet. 

Or(Mf County^ immediately north of Meade, has the beginning of 
Crooked Creek Yalley in the southern part and is a part of the same 
artesian area. Captain Shaw, who is now engaged in drilling for arte- 
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sian water in soatli Gray Ooanty, eommanicates a nnmber of important 
and interestinn: facts. He describes the following three wells in the 
soathem part of the county : 

J. White Macomb has a well 7 miles from the Meade Oonnty line 183 
feet deep« in which the first water was found at 170 feet, rising 4 feet^ 
and 13 feet deeper the water rose to a permanent height of 30 feet.- 

J. D. Taylor, 9 miles from county Ime, 10 miles west of White's well, 
dug 100 feet to first water ; permanent rise of water, 16 feet; elevation 
of surface at both, 2,700 feet. 

W. H. Gamble, 3 miles from Taylor, lives in a valley of which the 
altitude is given as 2,570 feet. He dug 32 feet to first water and secured 
a i>ermanent rise of 16 feet. In these three wells, as in the Hoicomb 
well, the strong rise of water was found in coarse sand. 

J. K. Sayre has a well 219 feet deep 6 miles east of that of J. White ; 
writes that second water was struck at ^19 feet and rose 51 feet. He 
states that there are several similar wells in his vicinity, in all of which 
the second water rises from 6 to 8 feet above the first. 

Seward County, — At Liberal, in Seward County, next west of Meade, 
at an altitude of 2,853 feet, the Bock Island Railway Company dug a well 
to a depth of 485 feet ; the water rose to within 125 feet of the surface 
and maintains that level, supplying large qaantities for engines and 
other purposes. It is a tubular well 7 inches in diameter and furnishes 
about 75,000 gallons per twenty-four hours. There is no perceptible 
variatioD in the supply. The data concerning this well, including the 
complete log of strata following, were supplied by Hon. M. A. Low, of 
Topeka. 

Mr. H. y. Nichols, secretary of the Southwestern Sugar Company 
and superintendent of the.sugar works at Liberal, says that a well was 
due by the company at that place to a depth of 159 feet. At 129 feet a 
10-inch hole was bored 30 feet farther. No rock was encountered. The 
latitude given is 2,865 feet. He adds : 

We have 5- inch piston Cook deep-well pnmp and coald not lower the water in three 
ipreekfl steady Damping. I have made diltgeut inquiry concerning a half dozen wells 
hereaboats, which, upon jj^oing about :W teet below first sheet water (117 to 130 feet), 
atrack a second sheet, which in every instance, -rose above its level from 30 to 46 feet. 
We dug two wells side by side, and one is now choked with sand from below. 

T. J. McDermot, of Liberal, reports a well 180 feet deep, in which the 
water rose 70 feet. He states : 

I dag the well 165 feet deep, 3 feet sqnare in July, 1888. In Febrnary, 1890, 1 
put in a tubular pump and wind-mill. There was not enough water in the well to 
keep the mill at work, bo]I got a 20-foot 4-inch pipe, let it down in the well, and drove 
it down 15 feet, but struck rock. ' Drilled throueh the rock 1 foot and struck water. I 
could not drive the pipe any further, but drilled 30 feet through clay and sand. The 
ipvater flowed out through the pipe and fliled the well up to the top of the pipe, and 
the next day 1 foot above. The pump was mnning all the time. I then got 2 yards 
of gravel, pnt it down through the pipe and pounded it down solid, then put the pnmp 
iiiside the large pipe and calked the joint. Then the water rose inside the pnmp some 
20 feet higher. Tne last water is mnch colder and softer than the first yem. 

HashM County . — Mr. Ghas. W. Woodman, of Loekport, gives the fol- 
lowing information : 

Santa F^ has an altitude of about 3,000 feet, being higher than Liberal, in Seward 
County. The well in question was drilled about 1,300 feet, beginning at a 10-incb \ 
bore and gradnalhr decreasing to 5f inches. The work on the well was finaUy sus- 
pended for lack of fiinds, the water standing at about 1,300 feet in depth, <or 100 feet 
ftom the surface, which is about 100 feet aboye the first stratum of sheet water. 

Qrant County. — ^Next west of Haskell and is traversed by the Gimar- 
ron Valley; of which the Orooked Greek Valley is a branch. Mr. B. 
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H, Grosclund, of Ulysses, describes a wellof J. J, Eosson, near the center 
of the coanty ; it is 80 feet deep and the water rises to a permanent level 
of 60 feet above the stratum iu which it was foand, and a similar well 
of 0. W. Olmsted, in the town of Ulysses in the center of the county. 
Mr. Grosclund says of the Bosson well: 

The water commenced to come in at 30 feet a little, not enough to amount to any- 
thing. The dig^iug was continued until a depth of 60 feet was reached, where the 
well was cased as dug and a 2-inoh anger was was run down in the bottom 20 feet 
more. At that depth it struck quicksand and dropped as far as the handles would 
let it go. When withdrawn the water rushed through the hole in a solid stream and 
inside of thirty minutes the dug portion of the well, which is 3 feet sqnare, was filled 
to a height of 40 feet, being within 20 feet of the top of the ground. A similar weU 
was bored on the premises of C. W. Olmsted, of Ulysses, in the summer of 1888. In fact, 
all over the county, when water is reached, if the boring is continued 30 feet, usually 
another stratum of water will be fonnd, stronger in flow and better in quality, which 
will rise to or above the level of the first. 

Morton County. — J. 0. Kilbourn, Morton post-office, reports a well 190 
feet deep, 3-inch bore, in which the water rose about 30 feet above the 
level where found. The altitude is given as about 3,000 feet. lie says : 

There are other wells in my locality same as my own and also dug wells the same, 
only water does not rise so high in them. The water in aU these wells is soft and 
clear. 

This well is very near the line between Kansas and the Public Land 
strip, /r 

J. E. Carpenter, Morton post-office, describes a dug well about 12 
miles distant from the last above mentioned, at an altitude of about 
3,600 feet. The well is 90 feet deep, the last 16 feet being in coarse 
sand and gravel, and the water, when struck, rose about 4 feet in the 
well. 

Baca County^ Colorado. — West of Stanton and Morton Counties in 
Kansas, contains the sources of the Cimarron and is distinctly a part 
of the natural subdistrict under consideration. It contains no flowing 
wells, as no adequate effort has been made to secure artesian water, the 
county being newly settled. 

Mr. Chas. Smith, of Springfield, states that 'Hhe water sometimes 
rises nearly to the surface in ordinary wells." He gives as an instance 
one well 92 feet deep in which the water now stands within 2 feet of 
the top, and his opinion is that artesian water might be had at a reason- 
able depth. 

G. R. Gooch, of Minneapolis, describes a well 160 feet deep in the 
eastern part of the county and near the Cimarron, in which the water 
rose 119 feet, or within 31 feet of the surface, before the tools could be 
got out of the well. He says : 

I have heard of two other wells of this sort in range 43 or 44. In one in Town- 
ship 29 the water came up to 6 feet of the surface. In the other in Township 31 or 
32, water came up within 17 feet of the surface. I think quite likely we are near 
artesian water here. 

L. A. Wikoff, of Minneapolis, refers to the above-described well of 
Mr. Gooch and states that one about 6 miles distant is similar to itt 
The altitude of the Gooch well is about 3,400 feet. 
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Conaty. 



Meade. 
Do. 
Do. 



Do. 

Do. 
Clark.. 
Kiowa . 
Ford... 



Do. 

Gray... 

Do. 

Do. 



Do.. 
Seward . 

Do.. 

Do.. 
Haekell. 
Grant... 
Morton . 



Do. 
Baca... 



AHi. 
tade. 



2,575 

2,750 



2,630 



2,600 
2,700 
2,570 
2,700 

2,700 
2,853 
2,865 
2,800 
3,000 
3,100 
3,200 

3,500 

3,400 



From artesian center. 



Direction. 



Northwest 
Southwest . 
...do 



North 

Northwest . 

East 

Northeast . 
....do 



...do 

Northwest 

. . .do 

North 



East of north. 

Southwest — 
do 

...do 

Northwest.... 
do 

South of west. 



— do 

West 



Dis- 
tance. 



JfOsff. 

5 

16 

6 

6 

14 
40 
60 
12 

28 
17 
20 
15 

19 
36 
35 
30 
30 
45 
70 

75 

100 



'D0)>th 
of 


Water 


wells. 


rose. 


Feet 


Feet 


118 


48 


170 


15 


103 


103 


113i 


84 


110 


110 


314 


314 


135 


12 


150 


148| 


112 


108 


100 


16 


82 


16 


188 


30 


219 


51 


485 


360 


159 


30 


180 


70 


1,300 


1,200 


80 


\ 60 


190 


30 


90 


* 


150 


119 



Owner. 



aishmUler. 

Hears 

Sugar works 

Hudson — 
fiolcomb.... 
Lexingtcn . . 
Dewsenbury 
Mueller 



Hawes.. 
Taylor.. 
Gamble. 
White.. 



Sayre 

Kailwav . . . 
Supir Co . . 
MoDermot. 
SanUF6... 
Bosson .... 
Eilboum .. 

Carpenter . 

Gooch 



Bemarka. 



First water at 73 feet rose 
4 feet. 

First water at 20 feeL 
Salt water— probably. 

First water rose co 4 feet 

of surface. 
First water at 31 feet. 
This was first water. 

Do 
First water atl70feetrose 

4 feet 



Olmsted well similar. 
Others in same locality 

similar. 
Altitude probably orer- 

estlmated. 
Other similar wells near. 



STRATIFICATION OF WELLS. 

The strata penetrated by the artesian wells of this district are reported 
as follows : 

MEADE COUNTY. 

Coafs well, No. 1, 
[Reported by B. F. Cox; on northeast quarter section 6, township 31, range 27.) 



Character of strata. 



Black, allavial son 

YeUowclay 

Blue clay 

Light colored clay, changing to red 

Oypenm rook 

Red day mixed witii gypsum 

Bed sand 



Thick, 
ness. 


Depth. 


Feet, 


Feet. 


3 


3 


32 


35 


60 


95 


30 


125 


i 




17 


U2 


10 


152 



Bemarkt.—'Vhe red sand in which the artesian water is found contains a slight admixture of gravel. 
The difference in flow of the various wells in the vicinity is caused by different elevations and 
different material in which water is found. If found in fine sand the flow is light, if in coarse sand 
aad gravel the flow is strong, and the higher the surface at the well the lighter the flow. 
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Cox weU No. 2. 
(On same qoaitor section m So. 1.] 



Cbaneter of stzate. 




Depth. 



Bkck allnTfaa mO 

Light or ydlow eUy 

BlueeUT 

White cuy, changing to red and mixed with gypAam. 

Bed cUy, with gypenm 

Fine Band 

Bed day, with gypena 



Ftet 



128 
142 
144 
17S 



ISemorfa.— Water foond immediiitoly under laat-deeorihed atntam, in red aaad and gnveL The 
two wen* are 300 feet apart ; there is 1 foot diifeienee in sorfisoe eleTation and 92 iiB«t oUferenee in 
depth. The water ia clear and soft. 



Will reported dy B. P. Cooper. 

[On seetion 18, township 30, range 28.] 



Black soil or sandy loam , 

Marl 

Fire-clay 

Water-bearing stratum . . 



Chaiaetor of stratiL 



Thick. 



Depth. 



IWf. 


fteC 


4 


4 


80 


84 


00 


174 


6 


IBO 



WeU reported &jr Oliver Norwmm. 



Black allavialsoa... . 
White clav, pervious.. 
Fire-clay, light color. . 
Bine clay, Impenrions 



Character of strata. 



Thick- 



Depth. 



J^mC 


Aft 


2 


2 


u 


17 


50 


87 


80 


127 



Bemorte.— The well has but 20 feet of casing in it, and that is but 2 inches in diameter. The 
is found in red sand. 



Well reported 5y 8. N. Zoriman. 
[On seetion 21, township 80, range 27.1 



Character of strata. 



Red dny 

White clay and rock *. 

Shell stone and sand • 

Blue clay 

Into artesian stratum 




FteL 
88 

20 

60 

87 

8 



80 
100 
187 
180 



Water clear and soft. 
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MORTON COUNTY. 

Eiehfield well No. 1. * 
f Beported by W. C. Borobsted, mayor, on Motion 17, township 83, mige il. J 



Chanoter of stntAb 



Depth. 



Blaeksoil 

Grpman 

Teilowclay and sand. 

Sand 

Blae joint clay * 

Qoiekaandf 

Blnealate 

Bed aandatone t 




* Stmok flnt water. 

t Fall of water, bat did not rUe much. 

t Blowing water at aboat 637 feet. 

Bsmarka^ThB flow was small antll the well was cased with 2-lnch casing, when it increased to its 
present force. The well is on top of a aypsam hill, which explains the thinness of the soiL The 
pressure ia suffldent to raise the water 125 feet abore the snrface. 



Biehfield well No. 2. 
[Also reported by Mr. Barchsted.J 



Character of strata. 



Black soU 

Gypsom 

Yellow day and sand 

Sand 

Blae joint clay * 

Qnlcksandf .-.. 

Bine slate 

Bed sandstone^ 



Thick- 
ness. 


Depth. 


F§et 


FmL 


1 


1 


39 


40 


11 


52 


10 


71 


1 


72 


130 


20-J 


40 


25J 


450 


701 



'^Strnok first water. 

t Great quantity of water. 

; Flowing water at about 637 feet. 

B«marAi.— This well is located aboat 60 feet soath of well 'No, 1, hence the strata are very similar. 
The well has not yet been cased. 

NON-FLOWma WELLS. 

Ko log of the well at Lexington, Olark Gounty, or the well described 
in Kiowa County, was given, nor of four out of the five reported from 
Meade County. 

COtJNTY. 



Hudson weU. 
fBeported by Gapt. John A. Shaw, on section 1, township 30, range 28.] 



Oharacter of strata. 



Light son* 

Dark, coarse aoil 

Yellow day 

Shell lime, mixed with clay 

Bed, sandy day 

SediaMOtary formation t 

Fine sand, with water 

Dark, sedimentary formation t 



Thick- 
ness. 


Depth. 


FuL 


Feet. 


2 


2 


8 


10 


10 


20 


80 


50 


8 


58 


15 


73 


30 


103 


10.5 


113.5 



* Dog 8| feet in diameter to a depth of 73 feet. 

t First water ; rose 4 feet. B<ve<l S-inch hole firom this point. 

tSeeond water. 

Bsmorfet.— There was a fine flow of water from the second sheet from white quarts gravel whidi 
was freelj earried up by the water. Permanent rise of water, 81.5 feet 
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FOBD couirrT. 



Mueller veil. 



[On section 96, townahip 20, range 26 ; reported by Frederick Mneller.1 



Character of strata. 



Black allavial soil 

Yellow clay 

Fine red sand 

Blue mud mixed with Hand* 

Whitish aand and water 

Blue mud 

Find siuidt 



Thick 
ness. 



I 



Depth. 



Feet. 


FM. 


1 


2 


12 


U 


6 


20 


&8 


78 


3 


81 


59 


140 


10 


150 



• First water ; rose 77 feet. 

t Artesian flow rose to 15 inches of surface. 



QRAY COUNTY. 

Well of J. W. miite, 
[On section 23, township 28, range 28; reported by Capt John A. Shaw.] 



Character of strata. 



Light soil 

Porous yellow clay 
Light potters' clay 

Sandstone 

Light potters' clay 

Fine sand* 

Light clayt 



Thick- 
ness. 


Depth. 


Feet 


Feet. 


4 


4 


10 


14 


116 


130 


2 


132 


86 


168 


2 


170 


13 


183 



* First water ; rose 4 feet. Bored from here a 2.hioh holob 
t Second water at No. 7 ; a permanent rise of 30 feet. 
Dng ^ feet in diameter to a depth of 170 feet 

SBWASD COUNTY. 

Bailroad well at Liberal, 
[Log received from Hon. M. A. Low.] 



Character of strata. 



Hard clay 

Sand 

Soft sandstone 

Coarse sandstone 

Sand 

Soft sandstone 

A dry crevice 

Sandstone 

Sand with clay mixed 

Hard drift sandntone 

Coane sand, gravel, and quicksand 

Sand and drift sandiitone 

Coarse sand and gravel , 



Thick- 
ness. 


Depth. 


Feet 


Feet 


6 


6 


36 


41 


22 


68 


12 


76 


10 


86 


9S 


178 


2 


180 


6 


186 


80 


266 


6 


rm 


45 


815 


130 


446 


40 


485 



i?«maribf.— Water rises within 125 feet of surface, and the well will ftimish 75,000 gallons of 
per twenty-four hours. The coarse sand, gravel, and quicksand at Nos. 11 and 18 are full of water. 



X \ 



'^ 
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Well of T. J, MoDtrmoi. 
fOn flection 31, township 34, ruif^e 32 ; reported by James K. Beauchamp, of Liberid.] 



Charaoter of strata. 



Ssnd 

Gypsum and clay. 
SttMandsravel.. 
Book 



Ssnd and gravel 
Hard roek 



Ssnd and mrel . 

Tine sand * 

Clayt 

Ssnd 

Bock 

Coarse sand t 

Bias day 

Coarse sand ^ 



Tbiok- 
ness. 


Deptb. 


Feet. 


Feet. 


4 


4 


63 


67 


18 


75 


30 


105 


20 


125 


4 


129 


86 


104 


8 


172 


1 


173 


6 


179 


1 


180 


12 


192 


1 


193 





202 



* Strook first water, f A stronger flow of water. X Third flow of water. ^ Fourth flow of water, 

RemarkM.—'ilT. Beancharop ji^ves the flow of this well as 15 g^aUons per minute, stating that the well 
is cased to a point 12 feet above ilrst water, and that the water runs from the top of the casing into the 
dag portion of the welL 

GRANT COUNTY. 

J 

Well of J, J, Eo88on. 
[On section 20, township 29, range 36; described by £. H. Grosclund.J 



Character of strata. 



Sandy loam 

Bandy subsoil 

Yellow joint day* 

Tough, nard, impervious day, with some thin scales of rock t. 

Thin layeia of sand-rook with sand between 

SandJ 



Thick, 
ness. 



Feet. 
10 
10 
*J0 

30 
8 
2 



Depth. 



Feet. 



10 
20 
40 
70 
78 
80 



^ Water began eoming in at 80 feet, but in very small quantity. 

t Dug to a depth of 60 feet. 

tiThe boting-Dit dropped through a thin layer of rock Into water-bearing quicksand. , 

MORTON COUNTY. 

Mrs. A. J, Little gives the following log of a well belonging to her on 
section 18, township 35, range 39. This is in the southeast corner of 
Morton County^ near the line of the Public Land Strip, now a part of 
Oklahoma: 



Character of strata. 



Black soil 

Yellow olay 

Oypeom rook 

Pine sand and clay 

Yellowelay* 

Cosrse sand and grarel . 
Yellow day and pebbles 

Gypsum rook 

Clsy and aandf 



Thick- 
ness. 


Depth. 


Feet. 


Feet. 


3 


3 


20 


23 


3 


26 


4 


30 


.50 


80 


2 


82 


62 


144 


o 


U6 


44 


190 



* Small supply of water at 45 feet. t A good supply of water. 

Bemorki. — This well is noted as having a sand-rook bottom .ind containing an abundnut supply of 
KOod water, bnt there is no statement as to whether the wnt<r Hsoh above the level where found or 
not It is distant bat 4 miles from the Kilboram well in which the water rises 30 feet, but of which no 
log is ^rsn. 
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WeU of J. K (kurpmUr. 
[On section 10, township 88, xmnge 43. m xeportad by tlio owner.) 



« 


• 






Character of strata. 


Thick, 
imnn 


Depth. 


Black aUnvial soil 


5 

20 

5 

20 

IS 


5 


IiDDArvions vflllow clar 


25 


Fine sand and grayel « 


80 


Whitish sandstone .-.-, \, 


SO 


Coarse sand and graYol* ^ 


65 



* Permanent rise of water 4 feet. 

itemarte. —The owner notes that " there seems to be a ragolar flow of water, the same as the under 
cnrrent In all those streams," refering to the Arkansas, Cimarron, etc. 



BACA COUNTY, COLO. 



WiXl reported hy Otorge B. Goooh. 
[On section 10, township 80, range 42.1 



Character of stzala. 



Blank aUnvlal son 

Yellow clay 

Bed and white sandstone, with layers of gypsnm 

Red sandstone 

Black slate* 



*8tniok a strong flow of water, which rose 110 feet. 




Table of flowing wells. 



t 

District 


Flowing 
wells in 
district. 

• 


Total 
flow per 
minute. 


AreragB 
flow per 
minute. 


1 , 


90 

6 

150 


OattonM. 

1.350 

780 

3,450 


15 


a :;;:".:"."""...':!!::. 


l&O 


7 


28 







The figares in above table are only estimates, and are based upon 
the very imperfect data at band. Omitting the Lamed well in dis- 
trict No. 6, the total flow, in above table (of the Goolidge wells), would 
be 330 gallons per minatOi and the avers^e 66 gallons per minute. 



SPBINGS. 

The facts gathered in this investigation concerning the springs of 
the middle division, though so fragmentary and incomplete in detail, 
lead me to believe that a thorough study of their location, volome, 
characteristics, and surroundings would prove of great value in the so- 
lution of the problem how to secure a water supply for irrigation. Kot 
to unduly enlarge the scope of the report, however, the following brief 
statements are appended: In district No. 1 the largest springs de- 
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seribedare reported from Kansas, one of the most remarkable, the << Great 
Spirit Spring,'' in Mitchell Ooonty, being of nnknown depth, the water 
fi^m this and neighboring springs, and many wells in the vicinity, is unfit 
for irrigation, being strongly impregnated with salt and other mineral 
water. ^^ Many sprin gs ^ are reported from the counties of Antelope, Frank- 
lin, and Garfield (north of the Loup Biver), in Nebraska, from Barber, 
Cowley, Dickinson, Geary, Harper, Kingman, Mitchell, Osborne, Pratt, 
and Smith Counties, in Kansas, and from portions of the Indian Terri- 
tory. ^' A few springs " and ^< small springs" are reported from numer- 
ous other localities in the district. In the Niobrara district, corre- 
spondents in Brown and Cherry Counties report many springs, and the 
same is true of Sheridan County and Sioux, where some of the springs 
are described as very large, and in the last-named county they are re- 
ported as utilized for purposes of irrigation. This is the only local- 
ity in which this use of the flow from springs is reported, though many 
large springs- are suggested as available for irrigation. A most nota- 
ble locality for springs is situated in the western part of the Platte dis- 
trict, centering in Cheyenne County and extending over a large part of 
the surrounding counties of Scott's Bluff, Banner, Kimball, and Deuel, 
and probably further eastward. From Mr. L. B. Carey and Mr. Laf- 
ferty, at Sidney, Nebraska, descriptions and locations of over thirty 
large springs were obtained, the discharge of which would, if conserved 
and utilized, irrigate large tracts of land. Mr. Lafferty, who is a sur- 
veyor of many years' personal acquaintance with that region, and a man 
of superior intelligence, states that "the waters of these springs all 
oome forth through fissure^ in a white, underlying rock, where up- 
heavals have occurred." He gives one instance where a large spring 
gashes forth at a point some 500 feet higher than the river, into which 
it immediately flows ] and another where a very large volume of water 
is forced upward through a long fissure in the bed of a stream, making 
a plainly visible "ridge" in the water. 

In -the Bepublican district correspondents report many springs in 
Harlan County, Nebr.; in Phillips, Washington, and Yuma Counties, 
Golo.; Cheyenne, Bawlins, Decatur, Norton, Phillips, Books, Graham, 
and Sheridan Counties, Kans., with a few in Thomas County. That 
many springs would be found in this region might be expected from the 
configuration of the surface, and this inference is borne out by a num- 
ber of correspondents who state that they are ^innumerable." They 
are also described as *^fine," one spring in Sheridan County furnishing 
0officient water to run a saw-mill. 

The Smoky Hill district shows similar conditions, and one would 
logically expect to find many fine springs, especially in the eastern 
part. Correspondents from that portion of the district, however, make 
but passing allusions to springs, while Wallace and Logan Counties 
seem to abound in large and valuable ones. 

The same zone of springs is found extending downward across the 
eastern portion of the Arkansas, Cimarron, and North Canadian districts. 
In the first of these small springs are found in the northern part of 
Wichita and Scott Counties, becoming more frequent, larger, and more 
important in Lane, Ness, and Eush. In the next tier of counties no true 
springs are found in Finney County or west of it, while Garfield and 
Hodgeman abound with large ones, which constantly send forth big 
streams of water. They are probably not less numerous but smaller in 
size in Western Pawnee and North Ford Counties; they disappear 
wholly in the immediate river valley in Gray, Ford, and Edwards 
Counties, to appear again lower down in South Kiowa, Clark, and 

S. Ex. 22 11 
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Gomanohe Ooanties, eastern Meade, and on down in the Indian Territo- 
tory. Many fiprings are also found along the North Canadian Biver. 

Thns it is seen that an almost continaons zpne of springs stretches^ 
like the half of an Indian's bow, from the west line of Nebraska, oorv- 
ing downward through the Platte country, across the Bepublican and 
Smoky Hill districts, and through the eastern portion of the others. 
Inclosed within this arc may be found a number of deep pools, often 
spoken of as springs and sometimes as natural wells. The water does 
not flow from these-^at least there is no cTurface stream, but they, fkur- 
nish unlimited supplies of water. One such is noted in Greeley County, 
another in Kearney, another in Seward, and others of the same sort are 
scattered over this region. One such pool south of the Arkansas Biver 
near the line between Kearney and Hamilton Counties is of great depth. 
Local report (which I have not yet been able to locate or verify) has it 
that a sounding of 400 feet failed to ^' touch bottom." Others are known 
to be of great depth. At least three of these pools have been formed 
within the past ten years by a sudden caving in of the surface of the 
ground, disclosing a deep body of water where there was, before, dry 
prairie or sand hills. One such phenomenon is reported by the Syracuse, 
Hamilton County (Kans.), Sentinel as occurring within the current year. 
At a few places along the Arkansas Biver chance overflows have 
scooped out small hollows below the level of the underflow waters and 
constant sts^ams flow from these, commonly but erroneously called 
springs. On the ij^estern border of this region, in Baca County, Colo- 
rado, appears another area of large and fine springs which probably ex- 
tends southward to a considerable distance. 

COST OF WELLS. 



[NoTi.-~Th6 Ml name and addreBS of each of the parties mentioned in these tables will he ftrand else 

where in tnis report] 



State and 
ooonty. 



KANSAA. 



Clark 

Decatur .. 

Do.... 

Do.... 
Ellis 

Do.... 

Do... 
Ellsworth 
Finney ... 

Do.... 

Ford 

Gray 



Do. 



Grant. 



Greeley.. 
Hamilton . 

Do... 

Do.... 

Do.... 

Do... 
Harvey.., 

Do... 
Haskell... 
Kearney . 

Do... 

Do... 

Lane 

Lincoln.. 
Logan . . . 



Owner or place. 



Lexington . . 

Oberiin 

...do 

Bogue 

Weieensee . . 

Con bay 

Bowan 

Voi^rtlander 
Garden City 

Adams 

MueUer 

Sayre 



White . 
BosBon 



Ordinary Wells. . 
Peck Water W'k's. 

Peck 

Nolan 

Borders 

Koemer 

Company 

do , 

SaDtaF6 

....do 

Pierce — -, 

Tucker 



Palmer 

Bartelsen 

Rodgers &, Soiffin 



Diameter. 



2 inches. 
2 inches.. 



Cinches. 



2 inches.. 
10 & 6 ins. 
2 inches.. 

....do 

....do — 



cH feet . . 



5^ inches. 
7| inches. 



6 inches.. 



Cinches. 
...do... 



Depth. 



Feet 
814 

1,000 
154 

1,100 
264 
262 
200 
154 
902 
100 
150 
210 

183 

85 

100 to 200 

500 

298| 

226 

265 

355 

130 

180 

1,800 

97 

120 

140 

(First 100 

^Second 100 

252 

725 



Prioe 
per foot 



$1.00 
LOO 
L12| 



.75 

.76 

3.00 

L25 



LOO 

'".75 

L50 



.60 



LOO 
L50 
LOO 
2.00 
2.60 



.65 



.40 to .60 

.40 

.60 

.50 

LOO 



Bemarks. 



Inoliiding oaalng. 
Total cost |80a 
Inclading oaaing. 



ToUlooet|S,006L 

Total cost $35. 

For first 100 feet; $1 fiorM. 

anoe. 
Last 18 feet drilled f L2K per 

foot. 
Dng 60 feet bored 25 feet; total 

cost $55. 

Total cost $800. 
Do. 



Total cost $6,000. 
Cost $300— doff. 
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State and 
ootmty. 



KiVBAB— con'd. 



Logan. 

Do. 
Meade. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do, 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 



MitoheU 
Do.. 

Morton. 
Do.. 



Do. 



Neaa.... 

Norton . 
OBbome 

Do.. 

Do.. 
Pawnee. 
Phillips. 



Do... 

Do... 

Bepublic 
Ki^ 

£ooka... 

Do... 



Do. 
Bash .. 

Do. 

Do. 

RoMell 

Do. 

Saline. 



Do.,. 



Do. 
Soott.. 



Sedgwiok. 
Seward... 
Stafford... 
Wallace.. 
Do.... 



Cadar... 

Cfaa*)... 

DawBon 

Denel... 

Garaeld. 

Holt.... 

Do.. 

Do.. 



Owner or plaea. 



Seaia 



HOler .. 
Hudson. 



Sdwarda Ko. 1 . . . 
Ed wards Ko. 2... 
Edwards No. 3... 
Bd wards No. 4 . . . 

Edwards Na 6 

Cooper 

Norman 

Zortoian ^ 

GoxNo:i 

Cox No 2 

Gislemiller 

Hears ••...•..•■.. 
Sugar Company.. 

Tanner 

Noah 

Kilboom 

Biohfleld. No. 1 .. 



£lobfleld,No.2 



Fenis .... 

Stahl 

Carpenter 

Viers 

Company . 

Bush 

Wey 



Diameter. 



12 inches. 
S^feet... 

2iDoheB.. 
...do.... 
....do .... 
....do .... 
. . . . do . . . . 
. ... do . . . . 

— do 

....do .... 
...do .... 
....do .... 
....do .... 
....do .... 
6x8fSBet. 



2^ inches . 
0&4in.. 



2 inches. 



6 inches. 



Allen 

Coal Company. 
Salt Company . 

Badd..,..v.... 

Bnnonghs 



Hill.... 
Minlek 



do 



Schwabb. 
Smith.... 
Banks ... 

Fore 

Carlson . . 



12inchee. 
inches. . 
4 by 4 feet. 
7 inobea. 



6 ioobes.. 
7inobes.. 



Depth. 



FetL 
fFirat 100 
J Second 100 
jThlrd 100 
(Fourth 100 
84 
118i 

150 
150 
184 
109 
167 
180 
127 

leo 

142 
175 
113 
170 
103 

468 
175 
190 
670 

700 



26 
US 

60 
100 
500 
756 
614 



6 inches. . 
6&4in... 



6 inches. . 



Hapes.. 

Helfrick 



HeUar 

McDermot. 

Hafclll 

Oa% 

Carter 



Andrews . 
Arnolds .. 
Chad wink 
Hoore .... 
Wright... 
Blsbee.... 
Lemont... 
Shannon.. 



6 inches. . 
6 inches. . 
6 inches. . 



8&6in . 



3&2in.. 



2 inches. 
..do.... 



170i 
50i 



PHce 
per foot. 



10.25 

.60 

.75 

1.00J 

.26 



.26 



1.25 

"'.'25 
1.50 



.40 

L76 

.50 

.60 



1.00 
.60 
.50 
.25 



1.00 



Bamarks. 



211 

139 

1.003 

916 

286 


2.50> 
3.00S 
8.00 
2.40 
.50 


200 


.26 


184 
218 

214 


.80 

1.00 

.76 


207 
240 
970 

94 


1.03 
.90 

2.50 
1.00 


164 


LOO 


142 


LOO 


175 




1,025 
180 


2.50 


51 
134 
140 


.20 
.50 
.60 


337 
136 
106 
880 
807 


.76 

.26 

L50 

L50 


47 
897 


.50 


896 





Total depth 408 fbet. 

For all depths. 

Last 40 feet bored, 2-faieh bora 

Total cost of well (200. 
Total cost $16. 
Totol cost $12. 

Do. 
TotfJ cost $8.36. 
Total cost $10,40. 

Total coat $S6. 

$8 per day. 

The first flowing well. 

Total ooat $44 at $7 per day. 

Indading casing. 

Dug by the day ; total ooat, 

$250. 
Total cost $1,020. 
Throaghont. 

Throughout. Cost indading 

casing* $950. 
An the way. Well not cased. 

Total coat given at $826. 



In dirt, and $1 in rock. 



Total oost$L000. 

Whole cost $6,000. 

First 100; $1.50 second 100; 

$2 third 100, and $2.50 per 

foot for fourth 100. 

Total cost $250. 

Total depth 850 faet. 
Total coat $8,800. 

For flratlOO feet; $0.75 for 

aecond 100 feet. 
For first 50 feet, and 10 cents 

per foot additional on each 

additional 60 fact. 



For inch; $0.60 for four 

inch. 
Average cost of drilling. 



For first 100 feet ; $L 60 for 

second 100 feeL 
For first 100 feet; $1.50 for 

all above 100 fact. 
For first 100 feet ; $L. 50 for all 

above 100 feet 
Work $100 ; tubing, $66; total 

$155. 
Total cost $3,400. 
Total cost, $300. 



Total cost, $151 
Total cost, $47. 
Total costi $400. 
Total Goat» $400. 
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OOer OF WBIX8-4)(mtliiaed. 



State md 



MXBBABCA— OOll- 

tinned. 



Holt... 

Do. 

Do. 

Do. 
Keith.. 



Do... 
Knox 

Do... 
Perkins.. 
PUtte... 
Shemian. 



Wayne 



COLO&ADO. 



Arapahoe. 

Baoa 

Cheyenne. 

Dol.i; 
Kiowa.... 

Do.... 

Do.... 

Otero 

PhilUpe... 
Prowen .. 

Do..., 
Ynma 

Do.... 



Pwner or place. 



Bmith... 
Jordan.. 
Moas ... 
Calkinii. 
BerU... 



Fen wick. 



Lytle Bros. 



Baker 

Jakob 

Wadaworth. 



Trainor 

Gooch 

Kellogg 

Kit Carson 

Cheyeone Wells. 
Sheridan Lake... 

Wilmatte 

Towner 

Van Hartingan . . 
Bnrdetfee. ... ..... 

Bloqoin 

HesoBanche 

Greenlee 

Korf 



Diameter. 



6 inches.. 

4 inches.. 
2i inches. 
2 inches. . 



12 inches. 
2 inches.. 



6 inches. 



6 inches. 
6 inches. 



6 inches. 



Depth. 



JM. 



06 

126 

79 

90 

876 

227 
603 
420 
211 
200 
UO 



160 

160 

250 

1,600 

1,770 

1,280 

800 

367 

47 

80 

160 

809 

193 

802 



Pkioe 
per foot. 



$1.00 
.75 



1.00 
L26 



1.A0 
LOO 



LOO 



LOO 
L26 

.26 
LOO 
L50 

.50 



Totaloostk$66.86. 



Total oosti $25. 

Without, reokoning cost of 

tubing. 
Indading casing and tobing. 
Totol cost, $1,850. 
Total cost, $310. 



Up to 100 liBet; $1.50 over 100 



rpto 



Total 
Total 
Total 
Total 
Total 
Total 
Total 



cost, $60. 
oost,f7& 
cost, $166. 
cost, $5,000. 
cost, $10,000. 
cost, $4,000. 
oost»$7,000. 



Total 
Total 



cost, $1601 
cost, $160. 



OONOLXrSION. 

^ That the ^' Great Plains Begion J^ stretching westward from the 97th 
meridian to the foot-hills of the Kooky Mountains, including western 
Nebraska and Kansas and eastern Oolorado, is possessed of Ix^uti- 
ful surface, soil of great depth and richness, and exceptionally fine 
climate has long been apparent For years considered a desert, then 
a vast free range for henls of cattle, it has now very largely passed 
into the ownership of settlers who have tried, and are trying in good 
faith, to make homes upon it. The average precipitation over the 
region is sufficient to make agriculture a success if all the moisture 
could be properly distributed and utilized. As it can not be done, 
irrigation is the one thing needful to supplement it and make success 
certain. It has heretofore been estimated that aboQt 25 per cent, of the 
arable lands of this whole region might eventually *be irrigated, and 1 
am not unconscious that in stating that the whole region may and 
should eventually be reclaimed I shall probably evoke very severe 
criticism, perhaps ridicule. ''It is written," nevertheless, and I am 
more than willing to abide by it, fully confident that the convincing 
logic of demonstrated facts will eventually justify it. I do not mean 
by this that every single acre will be irrigated each season. Large 
quantities of land in each of the most populous States are not under 
the plow year by year. But I do mean that over this wide expanse of 
rich and beautiful country a reliable system of agriculture may be 
established which will sustain a dense farming and manufacturing 
poimlation, that the flocks and herds of domestic animals will far out- 
number the buffalo, the antelope, the coyotes, and prairie dogo which 
they replace, that a hundred blades of grass will grow where one grew 
before and millions of trees on soil which never had known the shade 
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of a boagh. It will be A work of time, much more time than onght to 
be consumed in the process of change,, and nothing but intelligent 
system and beginning right and early will accomplish resnlts within 
any reasonable time. Many settlers have given np the fight, and such 
are the difficnlties to be mastered many others will inevitably succumb. 
Those who persist and will make intelligent use of facts, regardless of 
preconceived ideas and alleged scientific or other theories, will reap a 
rich reward. In the solution of the problem of irrigation for the mid- 
dle division, artesian wells will be a small factor; springs, both for the 
water they supply and for what they indicate, will be of much value. 
The storage and conservation of storm and other waters by damming 
draws and ravines, for which this division offers great and valuable 
facilities, will be of very great importance, but more than equal to all 
other means combined wiU be the utilization of the vast stores of sheet 
water which underlie the plains. 

. Incidental to the artesian wells' investigation, and without expense to 
the Government, I have accumulated many valuable facts regarding 
the underflow waters in addition to what had been learned by previous 
personal investigation. These will gladly be placed at the disposal of 
the special agent in charge at any time. 



lABLBB OF OOMPABATITB AVJBRAGB VALVJB8 OF AGRTCULHTSAL LANDS WITH 

AND WITHOUT IRBJ0ATION. 

Among the queries in the artesian wells inquiry blanks were the fol- 
lowing : 

What is the value of fiam land in your vicinity f 

What woold he the valne of the land if it were provided with means for iirigation f 

In tabulating the figures given in answer to these queries, the replies 
received firom the subhumid area are given separately firom those of 
the other districts, which are tabulated together. This shows the esti- 
mated increment of value added by irrigation to lands which are re- 
garded as at least fair fieurming lands without it, and also the estimated 
increase in the average value of lands grading from subhumid to arid. 
As will be noted, many of the estimates are dual; accordingly columns 
of averages are given, and also a column showing the percentage of 
increase in value— these supplied by the agent. The estimates of value 
are the flgores given by the conespondents named. 
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Even in the same or adjacent localities the wide range in values of 
lands similar in character and sarronnding, as given in the above ta- 
bles, is notable, but characteristic. Ask the same qnestions at one 
time of any ten men in a given locality, and the answers will show as 
wide variation; their estimates being largely aftiected by individual 
temperament and surrounding conditions. The averages, therefore, 
may be taken as a fair estimate pf the value of the lands under consid- 
eration. The first tabl^ shows that, according to the opinions of the 
people concerned, while their lau.d averages well for agricultural pur- 
poses^ it would be nearly trebled in value if provided with the means 
of irrigation, while the average of the lands of the semi-arid dislaicts 
(the eastern part of which is just as good as the adjacent land classed 
as subhumid), according to the estimates of the people themselves, 
would be rendered worth six and one-half times as much as now if an 
adequate water supply for irrigation could be had. 

It very soon became apparent, however, that while the replies to the 
question as to the present value of land were undoubtedly based upon 
actual knowledge of facts, a very large majority of those giving an 
estimate of what the same land would be worth under irrigation were 
without any personal knowledge of the value of irrigation, hence their 
estimates were only mere guesses. The instance has already been men- 
tioned of the man whose land is worth but $5 per acre by his own esti- 
mate, yet who states that irrigation would not increase its value : and 
a glance at the columns of both tables will show many estimates of 
irrigated lands at $25 per acre and under. As an estimate^— being in the 
nature of expert testimony — can oniy be of value when based upon 
actual knowledge and personal experience, letters were addressed to a 
number of gentlemen in Kansas, Colorado, and California, whose prac- 
tical experience in the cultivation of land under irrigation enables them 
to judge of its actual value and whose character and standing insures 
conservative and reliable estimates. Of each the following question 
was asked : 

What is, or will be, the aotnal valoe of good agricnltaral land in yonr region when 
assured an adequate and permanent supply of water for irrigation f that is, upon what 
sum per acre will such land net legal mt^est if properly cnltivated f 



Beplies to this question were received from sixteen persons, and the 
same are given herewith, some contenting then^selves with giving 
simply the estimate of value, while others made more extended replies. 
They will be found of interest and value. 

0, R. Longstrethj of Lakin^ Kearney County ^ Ka/M.^ has been engaged 
in farming by irrigation for the past eight years. He was for some years 
employed by the Atchison, Topeka, and Santa ¥6 Railway Company as 
forester for that corporation, and is a practical and conselrvative man. 
His reply is : <^ It is worth $100 per acre. ^ Properly cultivated' means 
a great deal. With irrigation assured I expect to make my farm &r 
exceed the value of $100 per acre, if I live.''' 

Capt. John Ballinger, Deerfield, Kearney Qounfy, who has had sev- 
eral years' experience in growing crops by irrigation, says : *^ Such land 
is worth $50 per acre. I have 75 acres that will pay 12 per cent on a 
valuation of $50 or $60 per acre this year, besides all expenses of irriga- 
tion and cultivation." 

J. V. Carter, Garden Cit^, Finney County, has resided there for a 
number of years, and says : << Such land is worth $50 per acre. Foi 
gardening purposes, in small tracts, it is worth much more." 

Squire Worrell, of Garden City, who had large experience in irriga- 
tion in California, was one of tiie first to practice it in the State of Ean« 



▲BTE8IAK WELLS 171 

MM, wiites : '^If caltiTated either in fruits or al&lfa it is worth $100 
per aore ; if in general crops, $50 per acre." 

James Oraig, was one of the first to engage in farming by irrigation 
near Oarden City. He took an active part in the constrnction of irrigat- 
ing canals and is as conservative as he is snecessf ul. In answer to the 
fioit part of the question he says : ^^ Fifty dollars per acre." 

W. H« Fant| of Oarden Oity, says : ^< In my candid judgment it will 
net 10 per cent, interest on a valuation of $250 per acre. I am fieurming 
160 acres 2 miles north of Garden Oity, and from past experience I 
am thoroughly convinced that, with a constant supply of water, I can 
make $25 to $30 per,acre clear of all expenses on the raising of the 
al&l£a crop aJone. Our land, having a constant supply of water, idso 
yields an average of 30 to 40 bushels of wheat per acre." 

One thing which will strike the careful observer in studying the 
figures given is, that only those who have been long engaged in farming 
by irrigation and those who have the courage to base their estimates 
of value upon unquestioned results place the value of irrigated land as 
high as it deserves. Barely does the party estimating the value of such 
land give due consideration to the important fact that it renders a good 
erop certain each year. The removal of the element of uncertainty, so 
destructive to the farmer's calculations and peace of mind, is certainly 
a matter of no small importance. When the industrious agriculturist 
can count with certainty upon a return for his labor, he is in a fair way 
to become ''an independent farmei:." if he was not so before. Then the 
difference of value between irrigated and non-irrigated lands is so great, 
that the fear of being dubbed a '^ boomer" or accused of being ''wild" 
often prevents a free expression of opinion by those whose personal ex- 
perience fits them to give a just estimate. Take, for example, the last 
four persons named in the last foregoing table, who estimate the value 
of irrigated land at $60 per acre. From a personal knowledge of the 
men and their operations the writer is confident that if each was asked 
whether the net return from his land last year amounted to but $5 per 
acre, each would state without a moment's hesitation that it was more 
than double that amount. In the vicinity of Garden Oity last season, 
to the writer's personal knowledge, several persons sold $40 worth of 
alfalfa seed per acre and had three cuttings of hay — or two of hay and 
one of ''alMfa straw," so called — making from 4 to 6 tons per acre 
of excellent feed, in addition to the seed sold. Bev. J. T. Pearce, 
of the same locality, has netted over $100 per acre from sweet-potatoes 
for five years in succession, and others have done as well for three years 
or more; and similar facts might be given as to other kinds of crops. 
Yet, ''back east, where we all came from," good farming land is worth 
135 to $00 per acre. This is proven to be g(K)d farm land ; hence, when 
the question of value is sprung, the reply is: "About $50 per acre." 
The farmer may know that he has netted $10, $15, or $25 per acre, or 
more, above cost of production, taxes, etc., yet but few wUl have the 
courage of their knowledge to claim that their land is worth $100, $150, 
or $2M) per acre. The best results from irrigated lands are obtained 
by those who fieurm small holdings. As Mr. Van Dyke has well stated, 
the man who thoroughly farms ten acres by the help of irrigation is 
sore of a good support for his family. On large bodies of land — specu- 
lative fiEurming — the returns are not so large, which is a most fortunate 
bet. 

Almost any Colorado man who is acquainted with irrigated lands 
if interrogated as to their value wiU unhesitatingly answer off-hand, 
"A hnndrod dollars an acre." While believing this the minimum of 
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conservatism (always considering that a certain and adequate water 
supply is coupled with industry and experience), if we take this valua- 
tion as the standard of value for irrigated lands, although it is less 
than the smaller average in the tabulated statement, it will be seen 
that the statements heretofore made that irrigation increases the pro- 
ductive capacity of land five to fifteen fold is more than corroborated 
by the estimates of value of irrigated lands supplied in the first two 
tables. The average of estimate values in the subhumid area being 
about $15 per acre, and in the semi-arid districts about $6 per acre. If, 
then, we consider thai in the subhumid area there are about 50,000 
square miles and in the six semi-arid districts a total of about 100,000 
square miles, of land which is justly described by the inhabitants as 
naturally rich in soil and beautiful as to surface — ^if only 25 per cent 
of this area should be brought under irrigation, it would increase the 
sum totAl of the national wealth by the enormous amount of more than 
$8,700,000,000. What is of vastly greater importance is the fact that 
the speedy provision of the means of irrigation signifies the achieve- 
ment of comfortable, independent homes, the means of subsistence, the 
difference between most gratifying success and most lamentable failure 
to thousand of worthy citizens of the United States. 



REPORT OF L. G. CARPENTER, DIVISION FIELD AGENT FOR 

COLORADO. 



The region assigned to me as field agent being that portion of Colo- 
rado from the one hundred and third meridian to the foothill^, as also 
that part of New Mexico east of the foot-hills of the Bocky Mountains, 
and it includes a territory about which there can be no difference of 
ojHDion regarding the necessity of irrigation and for an additional 
supply of water. 

The water supply of this region is scanty. The only living streams 
have their source in the mountains «and are fed by the snow-fields of 
the high altitudes. Not a tributary flows into the Platte from the right 
on the plains side in Colorado after leaving the mountains, and none 
from the plains feed either the Platte or the Arkansas. The streams 
of the plains are streams only after storms, when they may be roaring 
torren1». They disappear as suddenly as they rise, and for the greater 
part of the year their visible bed is as dry as the rest of the prairie. 

The irrigated region is therefore limited to the country near the 
mountains, and they are supplied with the mountain streams, and to 
the narrow strips of land extending into the plains along the banks ot 
the larger streams. But the whole region east of the foot-hills is as 
capable of raising crops as that at present cultivated. It lacks the 
single element of moisture. The area of this plain in Colorado is not 
far from 30,000,000 acres, of which about 1,620,000 acres, or 5 per cent, 
are <* under ditch," i. 6., so situated that water can be furnished to the 
land from some existing ditch. 

All of this land is not at present *' under ditch." In the area under 
consideration there is probably not over one-half^ and the pressing need 
of a more abundant water supply is demanded. This being the case, 
the extension which may come from the methods of saving, taught 
by experience — saving in distribution from the streams, in distribution 
from canals, fh)m better practice in irrigating — from the storage of 
waste water, will not materially affect the status of this vast plain. 

The supply must be from other sources than those which supply the 
present irrigated districts, and consequenUy the importance of investi- 
gation into the resources in the artesian or underground water supply of 
tiiese regions can not be overestimated. 

The foregoing remarks are intended to apply especially to Colorado ; 
they apply also with but little change to New Mexico. That Territory 
does not have the extensive area of unbroken plains that Colorado pos- 
sesses. It is broken with numerous mountains scattered through the 
Territory. It is, so far as surface appearances, in much greater need of 
water than Colorado, and all that may be said with reference to the de- 
sirability of investigation wiU there apply with greater force. 

In this report Colorado and New Mexico will each be considered 
separately. 
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ARTESIAN WELLS LN COLOBADO. 

The first attempt at finding artesian water within the limits of Oolo- 
rado seems to have been made in 1870, at Kit Carson, in eastern Colo- 
rado, by General W. J. Palmer, then manager of construction tbr the. 
Kansas Pacific Railway. No water was fouind. The boring was car^' 
ried to 1,500 feet. I 

In 1874 an attempt was made on the high ground at the old cemeteif 
east of Denver. The pressure was not sufficient to bring the water ^ f 
the surface at that point, and the well was abandoned at 795 feet. 

The first flowing well in the State was struck at Pueblo. O. E. Oil 
who had come from the oil regions of Pennsylvania, was sinking a 
in the bottoms, on the south side of the Bio- Grande Eiver, at Pnel 
and obtained flowing water from a depth of 1,166 feet, January 1, 
Another well was sunk on the Mesa, west of Olark's, in 1880 Or 188] 

This ended the attempts until the accidental discovery of water: 
B. B. McGormick, of Denver, while boring for ooal in Nortii Deni 
March, 1883, The water was characterized by extreme purity, and 
present in such quantity as to force him to stop his boring. Ooi 
erable attention was attracted by this discovery, and -soon various i 
terprising citizens of Denver sank wells, all successful. The follow 
year saw a greater development, and since that time a large numl 
well-driUers have been busy in the Denver basin. Nearly every 
building and hotel in Denver has one, and a large proportion of 
farmers within a limited distance of the Platte Biver. 

The success of the Denver attempts led the town of Greeley to maki 
effort to discover artesian water and starting their well in the faij 
1883 they struck water, but at a much lower depth than the Den^ 
supply. Water comes from 1,160 feet, and is in smaller quantitiy 
much more highly mineralized than that of Denver. 

The Florence wells were found while boring for oil. 

Outside of these limited regions various attempts have been madi 
secure artesian water, as at Colorado Springs, Longmont,. Love-l 
and on the plains at Akron, Otis, Calhan, Kit Carson, Cheyenne Wi 
Las Animas, etc., but most of them have been unsucoessM as flow! 
wells. 

SUBDISTBIOTS. 

For the purpose of this Investigation we may divide the portioi 
the State under consideration from the foothills to the one hundred 
third meridian into two main districts, the Arkansas and the Platte, ^ 
cording to the two streams traversing it from west to east. 

The Platte Valley may be subdivide into the Denver Basin, in wl 
we will include the region from the foothills to Platteville, and 
drainage area on each side; the Greeley Basin, including in it 
area drained by the Big Thompson and Cache k la Poudre Bivers^ 
some distance on the Platte below Greeley ; and the third subdisl 
the Lower Platte. 

The ArkansM VaUey may likewise be divided into two districts, 
Florence and Pueblo Basins, extending from the foothills to a 
undetermined below Pueblo, and the Lower Arkansas including the 
mainder of the valley. The divide between the Platte and the Arkt 
sas is extensive enough to be considered as a separate district, 
also the divide south of the Arkansas Biver. 

The San Luis Valley^ while perhaps not properly in the area iin< 
consideration, is one which has seen such a large development of 
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artesian water supply for economic nses tbat a consideration of the ar- 
tesian wells of the West would be incomplete without it. This basin 
probably inclades as many wells as all of the rest of the area covered 
by this investigation combined. 

The reasons for the limits of these districts are in most cases obvious. 
The Denver, Greeley, Pueblo, and San Luis Basins are regions of flow- 
ing wells, distinctly separated, and the other three regions are intended 
to include the area not contained in these basins. 



SnbdifltricL 


Xame. 
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I)6nver 


Platte Valley to PlatteviUe. 

Big Thompson and Cache k la Pondre YaUevs and 

Uie Platte from below PlatteviUe to oelow 

Greeley. 
Below tke Greeley Baain. 
Arkansas Valley to below PaeUo. 
Below Pneblo Basin. 


No. 2 
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Lower Platte 
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Divide 


Divide between the Arkansas and the Platte. 
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San Lois Park. 









THE DEITVEB BASIN. 

Sobdistrict Ko. 1 includes but little besides what may properly be- 
ealled the Denver Basin. The district will include the Platte River 
and its tributaries from the foot-hills to PlatteviUe, about 35 miles 
north of Denver. 

The Denver Basin, which includes the greater portion of the above 
district, is one well defined by the explorations that have been made 
for water and by the investigations of the geologist. The accompan j- 
ing map shows in outline the principal part of the basin, and the loca- 
tion of the individual wells where their location was known definitely 
enough to map. 

The basin is rather an elongated oval, following the Platte as an 
axis, extern ling from near PlatteviUe, in township 3 north, to near 
Gastle Bock, in 8 south. In an east and west direction it extends irom 
the foot-hills in 69 or 70 west to about 65 or 66 west, at Denver. The 
basin is therefore about 70 miles long and 25 miles wide. 

In elevation the basin varies from 4,900 at Fort Lupton to nearly 
6,000 feet at Bedalia. From Plum Greek and the Platte River, forming 
the axis of the basin, the land rises on either side to 100 or more feet 
at the distance of a mile. Immediately adjacent to the river are bottom- 
-lands not much elevated, and then at a greater elevation usually fol- 
lows a second bottom, from which the rise is to the general level of 
the plain above. These lines of elevation above the river indicate ap- 
proximately the region of flowing wells. 

Where the circle representing the well is underlined it indicates that 
the well is not flowing, and if figures are attached they give the dis- 
tance from the surface to which the water rises. The dotted line is 
intended to include the area which may be called the area of flowing 
wells. Wells are now frequently sunk in this region without securing 
flowing water, and wells formerly flowing have ceased to flow. But 
the cause of this state of things is believed to be temporary or local, 
and as the physical conditions for a flow are present, the whole region 
is properly denominated a flowing region. It would have been better 
to represent the flows as they now are, but the impossibility in many 
cases of procuring information regarding the present condition without 
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a personal visit to each, wbicli time would not permit, made it necessaiy 
to adopt a plan which woold best show the information. 

The most northerly flowing wells are near Brighton, on the south tine 
of township 1 north. Their flow is small. Passing south from Brighton^ 
the wells become frequent in the course of a few miles. In company 
with Professor Hay, I drove from Brighton, some 6 miles south. Nearly 
every farmer had a well. One near Brightonhad a flow of 50 gallons 
per minute, while one 6 miles further south had only 15 gallons. From 
there on to Denver the flows increase, and some very g^od ones are ob- 
tained. Denver has many of them. The township in which Littleton 
is situated, township 5 south, has seventy. There are but few &krther 
south. The most southerly are on West Plum Creek, south of Sedalia, 
which procure water at 206 feet As we recede from the Platte and 
ascend the flowing wells become fewer. There are a few isolated ones 
near Marshall, Owfield, Erie, in the coal fields. 



KUMBBR OF WSLL8. 

The location of two hundred and thirty-flve wells outside of Denver 
has been ascertained. Most of them are given in the accompanying 
tables. In Denver it has been necessary to estimate the number. In 
1884 there were about eighty. It is within bounds now to estimate 
them to be one hundred. This would make a total of three hundred 
and thirty-flve. 

It is improbable that the list of wells outside of Denver is complete, 
except for some limited localities. Several wells have been reported, 
but with little information, and as they have not been verified in the 
little time at hand they are not counted* 

STRATIFICATION OF WELLS. 

The strata passed through has uniform characteristics, but is extremely 
variable both in the layers struck and in the thickness of the same 
layers. 

The following is an example of the strata passed through, and is 
taken from the record of the Anderson well, and has been used before 
for the same purpose : 



A seam of grayel and sarfaoe waeh . 
Clay 



Sandntone 

Hardolay 

) lard Randfttone 

Clav-slate 

Sandstone (first flo w) . . . 

Hard clay 

Sandstone 

Verr tough bard clay .. 
Sanastone (second flow) 

Hard clay 

Sandstone (third flow) .. 

Blue clay 

Sandstone (fourth flow). 
Soft clay. 



Dark hard day 

Loose white sandstone (flfth and greatest flow of water). 
Total depth of old well 



Thickness. 


Depth helov 
sorfiMse. 

t 


Feet. 


lUL 


12 


17 


21 


1 




» 


94 




ISA 


8 




ISS 


22 




IM 


14 




10 


24 




Its 


2 




IM 


50 




244 


1« 




260 


80 




m 


10 




300 


8 




306 


12 




820 


15 




335 


15 




850 


2ft 




875 


375 




875 



For oomparison the record of the well at the Kansas Pacifto shops is given. 
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Afienan well at Kantas Padfio shops. East Denver^ 



Strata. 



Sand and gravel 

Clay 

Soft sand rock ^ « 

Clay 

Hard sand rook with streakaof clay 

Clay 

Hard Muid rock with ntreaks of day 

Arteaian strata 

Hard sand rock with streaks of clay 

Artasiaa straui 

Shale i 

Hard sand rock with streaks of clay 

Arteaiao fttrata 

Hard sand rock 



Thickness. 


Depth below 
surfaoe. 


Feet 


FeeU 


18 


18 


5 


23 


50 


73 


3 


7« 


60 


136 


10 


146 


134 


^ 


7 


287 


248 


535 


17 


652 


5 


557 


41 


598 


35.4 


633.4 


1 


634.4 



A glance at the acoompanyinji^ well tables will show the extreme 
variability in the water strata. The d amber, thickness, depth, degree 
of porosity, all vary witbin short distances, so that wells close together 
frequently differ in all these characteristics. 

A few instances will suffice to show this character of variability. 
The Bemis well at Littleton struck three good flows- of water within 
375 feet, while the well on Littleton Heights, hot 500 feet away and at 
the same elevation, struck but one within 800 feet and that was at 458 
feet. 

The Burke well strikes seven flows of water within 300 feet, while 
the neighboring well of the Union Pacific finds but three within 600 
feet and the Schindelholz well but one within 416 feet. 

The foUowiug group of six wells, all in the same section, shows the 
characteristics of the basin : 

Flows (thickness of 
stratum in parentheses). 

Anderson v 125(5) 250(1) 465(23) 

Gleason 95(10) 300(2) 471(29) 

Zaug 155(10) 245(25) 300(25) 

Montague 68(5) 138(30) 258(32) 376 405 427 

Sangainette 135(5) 185(13) 255(51) 

Webber 185(10) 245(93) 

None of the water strata appears in the wells above and the thickness 
of the same stratum when struck varies exceedingly. 

Taking thediffereuce between corresponding strata it becomes evident 
that the strata undulate but not with the surface of the ground. This 
is perhaps better shown in the table furnished by Mr. Hine, of the city 
engineers' office, where the depths of the strata are all expressed from 
a level plane. Still there is sometimes a persistence of a given stratum 
than considerable distances, and some of the flows are more persistent 
than others. Some are purely local and found in only a few wells. 
Through all of townships 1 and 2 south, along the Platte, a 300foot 
flow is found which varies in the individual wells from 272 to 350, but 
i8 generally within 20 feet of being 300. 

In Denver, two flows, those called the 375 and 600 feet flows are rec- 
ognized. At Littleton there are some four distinct water strata, the 
different strata being indicated by the temperature of the water, which 
varies from 46^ to 65 degrees. The deepest is of course the warmest. 

There is a similar variation in density and porosity of the sand rock 
in which the water is obtained whithin short distances. This is more 
commonly shown by the differences of flow and pressure in neighbor- 
ing wells from the same stratum. 

8. Ex. 22 m 
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FLOWS. I 

I 



In the early days of the Denver Basin nearly all wells were flowing 
wells, but with the continaed tapping of the strata it became more com- 
mon to secure only pumping wells, even in regions where flowing weUs 
had been previously secured. 

About an average flow was from 5 to 100 gallons per minute in the 
immediate vicinity of Denver. In the first few years of the develop- 
ment of the basin the wells were of slnall bore, as water was wanted 
for domestic use only. The supply was often insufficient for hotel or 
manufacturing purposes, and it became common to introduce pumps, 
which by lessening the pressure in neighboring wells cau.sed pumps to 
become necessary. In consequence the bore of wells has been gradually 
increased, until now it is frequently 6^ inches^ a few are 8 and one or 
two are 10 inches. 

In the basin outside of Denver differences in flow are noticed accord- 
ing to the locality. Near Brighton, and for several miles toward Den- 
ver, the flow does not often exceed 1 or 2 gallons per minute. Some 6 
or 8 miles above Brighton there are some good flows of 30 to 40 gallons 
per minute, but the best wells seem to have been obtained above Den- 
ver or in its vicinity. 

Some of' the wells are reported as remaining unchanged in flow, a 
few have increased, but as a general thing the report is that the flow 
has fallen off, sometimes entirely ceased. Many of the later wells, 
especially in Denver, do not strike flowing water at all. Frequently 
the diminution is due to the tapping of the water strata by other wells 
in the vicinity, thus opening other outlets, or outlets at a lower level. 

The decrease in flow may be due to several causes : from other wells 
piercing the same stratum and lessening the pressure ; from filling np 
with sand, stopping the flow ; from insufficient casing, allowing the 
water to flow into upper strata instead of conducting it to the surface. 

The decrease in flow from piercing the same stratum is best shown 
by the Charles well of Denver, because that was the first to go through 
the 600-foot flow. The pressure was quite constant, ranging from 68 to 
71 pounds per square inch« When the Daniels and Fisher well was sunk, 
a few blocks away, the pressure decreased to 10 or 15 pounds, and after 
the McOlelland well was sunk the flow was entirely lost for about a 
day, then reappearing with a pressure of about ten pounds. When the 
two latter wells were connected the pressure in the Charles well again 
increased. Since that time a large number of wells have pierced this 
stratum in Denver, and so many have resorted to pumping that the 
flow has entirely ceased. 

Mrs. Eckhart's well, in North Denver, which had been flowing with 
a pressure of 35 pounds, ceased entirely when the Gurley well struck 
the same strata at a lower level. 

The Windsor and the Barclay wells are each at the corner of Eight- 
eenth and Laniver streets, separated by the street and a portion of 
their respective blocks. The Windsor well was completed August 30, 
1883; the Barclay, August 4, 1884. 

At different measurements this well had the following discharges: 

March, 1884 gallons per minate.. 67^ 

May 6, 1884 do 40 

June 6, 1884 do ^2 

Augaat 4, Barclay well completed. 

August 5 do 15 
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A portion of the failure between June 6 to August 5 should be at- 
tributed to the seasonal variation. 

The decrease in flow and the entire cessation of most of the wells in 
the immediate vicinity of Denver can be mostly attributed to this 
cause. SSo well is this recognized that now flowing wells are not ex- 
l)ected in this immediate vicinit3^ 

But outside the city of Denver there is little reason to think this 
canse has been influential in more than a small degree. The wells, 
however, have diminished in most cases, but the cause seems to be 
from the well having fllfed to some extent with sand or to defective 
casing, which allows the waste of the water in the upper porous layets. 

In many cases cleaning has been resorted to^ and the flow, or a 
great part of it, has beei) recovered. 

The following are examples where this has been done : 

Mi8. Cook's weH, on Cherry Hill fiirm flowed 20 gallons per miunte when sunk. It 
failed so that there was almost do flow. After cl**Hniiig it regained one-half its flow. 

The well of R. W. Curtis had a flow of 4^ gallons per minute in March, 18^. In 
January, 1890, it had decreased to 1^ gallons. The well was foimd to be filled up to 
the flow at 350 feet. After cleaning out, the flow increased. 

The Harrington well had a flow of from. 8 to 14 gallons per minnre fur three months 
after completion, when it failed. It was then cleaned, and the flow was increased 
to from 4 to 8 gallons. This lasted for several weeks, when it failed. This well 
seems to have been subject to caving. 

The Barclay weU, which was sunk in 1884, had a flow of 40 gallons per minnte, 
which had decreased in May, i886, to 10 gallons. Before cleaning (May 14) meas- 
urement showed the flow to be 10^ gallons per ininnte. During tlie operation the 
flow was measured several times. The progressive increase is noticeable : 
May 15, the flow had become — 

At4a. m gallons per minute.. 17 

At6a. m do 21| 

At9a. m do S2 

Early in July following the well was fonnd to have again filled up 42 feet, and the 
flow to have decreased to 8 gallons per minute. 

In the above cases it is noticeable that the full flow is not recovered. 
A part is due to seasonal variation ; a part may be due to the reduction 
of pressure consequent on the increase in the number of wells. 

In the country the cause most influential in bringing loss is probably 
poor or insufficient casing. Actuated by motives of economy the com- 
mon practice is to case only through the loose material down to the 
stratified formations, unless the formation below caves so badly that 
casing is necessary ^ The pressure of the lower water strata is almost 
always greater than the upper. The consequence is that the waiter 
from below has the opportunity to enter the strata at less pressure 
above, or the dry sandstone, and the flow from the well is lost or less- 
ened. 

Similarly the packing at the junction of the stand-pipe and the first 
bed of day is often defective. In such a case the water is allowed to 
All the upper layers of the soil. The loss in water and in pressure may 
be gre^t. The consequences are not confined unfortunately to the one 
well, but to the whole adjacent basin, and the damage may be irre- 
parable. The fact that such careless work may be done, and the dam- 
age so great, suggests that in basins of such character it is a matter of 
public importance that each person putting down a well should be re- 
quired by laWf if necessary, to thoroughly case and pack his well. 

Variation with the seasons. — ^The variation in the flow of wells accord- 
ing to the character of the seasons has become a commonly accepted 
fact. The upper strata show the effect sooner than the lower, and the 
wells near the mountain quicker feel the effect of a dry season than 
those of Denver. 
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Mr. Wadsworth, of Arv^a, a good observer, says : 

Our artesiaa wells onme and go with the seasoDS. When the little streams in the 
foot-hills are ponring their con ten t« into the loose rocks so as to dry up before reach- 
ing the valley, artesian wells in Denver and vicinity work all right; bnt when the 
streams fail in the foot-hills some of the wells cease to flow. 

The most carefal series of measurements of an individual well that 
has been obtained is that of Mr. Dwelle on the Barclay well, from 1884 
to 1887, and the Windsor well in 1883 and 1884. 

The Barclay well was completed August 4, 1884, to a depth of 602 
feet. Two flows of water were struck and each was kept separate hy 
casing. The measurements of Mr. Dwelle, reduced for convenience to 
gallons per minute, are as follows : 

Measurements on the Barclay tvellf Denver. 



Date. 



Aug. 4, 1884 . 
jAn. 24, 1885. 
Mar. 9, 1885 . 
Kov. 8. 1885 
Jftn. 27, 1880. 
Feb. 6, I886t 
Fob. 15, 188«, 
Feb. 19, 1886 



Upper j Lower 
flow per ' flow per 
minate. i minute. 



OaUon*. 



36 



n 


51 


(*) 


<*) 


5 


85i 





12 


3 


14 


9 


37 


(^ 


27 



Dftte. 



Apr. 8, 1886 •.... 

May 14. 18<«6: 

May 15. 1K86 (4 a. m). 
May 15. 1K><6(6a.m). 
Mav 15, )88*t (»a.iu). 

Jiilv9. 1880§ 

Jan. 17, 18«7 



Upper 
flow per 
luiiiute. 



OiUlon*. 










Lower 
flow per 
Qiinate. 



OaWmt. 
IS 
10| 
•li 

21i 

7» 



•Both flowB. 40 ^allofiK. 

t It wa» t'ouu<l the well bad filled 19 feet to this dnte. 



1 Cloanin}; be^nn. 

i Well had again filled 42 feet. 



The Windsor well, 530 feet deep, was also under the charge of Mr. 
Dwelle and was measured by him as follows: 



Date. 



Upper 
flow per 
minate. 



AiignntSO, 1883 

November 10. 1883 

Koveniberl4, 1883 

MHrch. \SH 

Mav«. 1'<H4 

Jane6. 1^84 

Au;;ust 5, after the Barclay well had been struck 



QaUont. 



8.7 



Lower 
flow per 
minute. 



Both 
flows. 



QdUont. 



127 

124 
67.5 
29.3 



18.3 



208 



32 



February 15, 1866, to April 6, the well was deepened. It is now pumped. 

The fluctuation in the flow is noticeable, and especially the increase 
in February, 1886, in the Barclay well. 
Mr. Dwelle, in reply to a letter, says: 

I aMcrib<' the fluctuations to two causes, viz, the cleausinj; of the wells by Temov> 
\ng the Hand and pulverized clay which had got into them, presumably with tbe 
wati^r, and to the difference in the quantity of water which was being delivered to the 
uplilted strata which convey the artesian supply. 

It will be noticed iu the cases of the sudden changes of amount of flow that the 
least quantity flowing was in tbe lat« fall or early winter, as a rule, when there was 
the least amount of snow melting and the least quantity of watt^r in the streami; 
while the greater flow iu connection with these sudden changes was in the early 
spring following, when the snow was rapidly melting and the streams were full of 
wat«r. 

In case of the sudden change noted in February, 1886, I made a mental note at the 
time, as I remember, that the latter part of January of that year aud the month of 
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Febmaiy were very open, and there was a great deal of rain in addition to the melt- 
ing snow at that time. 

After the oleaniDs of 1886, the continned small supply is nndoabtedly to be attrib- 
uted mostly to -the dratu upon the supply caused by the number of new wells in the 
immediate yicinity. , 

The increase in flow reported in several cases is due to two causes, 
to the opening of the small channels through the water-bearing rock 
by the passage of the water, and to the formation of chambers of 
greater or less size at these places. The rapidity with which the water 
can pass through the sand-rock under a given pressure is limited. Bat 
if the area of the surface through which the water issues is increased, the 
quantity of water available is correspondingly increased. The appli- 
cation of this is often seen in dug wells^ for it is well known that the 
larger the well the more water it can furnish. 

Nearly all the wells seem to form a cavity or small reservoir at these 
strata, as evidenced by the sand brought up. In the Denver Ba^in this 
is usually in small quantity. The largest amount of sand reported 
being two wagon loads, or say 50 cubic feet. Ten or 15 ouliic feet are 
more common. 

The large wells flow more than the small ones, but this is principally 
dne to the less friction and consequently the less loss of pressure the 
water suffers before reaching the surface. 

While the water supply of the Denver Basin is as permanent as the 
season, it is limited, as the diminution of the flows show, and the num- 
ber of wells can not be indefinitely extended. In Denver, indeed, it is 
probably already exceeded, though if pumping should cease most of the 
wells would recover their flow. 

The diminution does not show that the limit of the basin has been 
reached, but simply that the water is taken from that vicinity faster 
than it can be supplied by percolation through the rocks. 

Outside of Denver there is opportunity for more wells, and many 
are being put down. 

IBBIGATION FBOM WELLS. 

It has been comparatively little practiced, the district being fairly 
well supplied with water from canals at a cost of about $15 per acre. 
The expense of artesian water, notwithstanding the character of the 
Denver Basin, which renders sinking comparatively inexpensive, is 
much more than this at best. But the water to be obtained from 
ditches is inconstant in flow and uncertain. In dry seasons, as in the 
present, many crops burn up for want of water. 

In such a case many think of utilizing their flows which generally 
waste. Others who have land which can not be watered fTom any 
ditch have wells, and devoting their land to small crops, find it profit- 
able. There are several who have artesian wells as their only source 
of supply. It is not possible to state accurately the number of acres 
thus irrigated. Nearly every well in the county furnishes water for the 
garden or for trees. Others irrigate from 3 to 15 acres. There are a 
few others, from which definite information could not be obtained, re- 
ported as irrigating more. In the aggregate, the amount is |>robably 
more than 100 acres, an amount which is not large in comparison with 
the whole amount irrigated in the district, but is important as showing 
the use which may be made of the artesian flow. It is safe to say that 
much more will be irrigated from this source. Ditches in Colorado are 
not entitled to water until all those of earlier construction are supplied. 
The principal ditches near Denver are of recent date, and consequently 
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in dry seasons snch as the last few years have been, great loss of crops 
ensue. In this locality, especially, the demand for water at any price 
is great, and the use will increase to a moderate extent. 

BEPLIBS TO INQUIBIES. 

The following are some of the replies that have reached me in re- 
sponse to circulars and other efforts. Mr. Max Grossman says : 

» 

I have done no well-digging dnring the past two ^ears. Daring 1883, 1884, and 
1885 I pat down a number of wells in Denver and vieioity. Did not keep recoidsi 
but furnished the Denver city engineer with records from memory and fall partiea- 
lars regarding the amount of flow, etc. 

In 1885 I put down an artesian well in Greeley, Col., and in 1887 one at Baton, N. 
Mex. The balance of the well-drilling I have done in the West was for oil, in town- 
ships 19 and 90 south, range 69 west, constituting the Florence, Treuiont Coanty, 
oil district. In Colorado. In one of the wells I put down there I strock a flow of 
water, all the others, one of them 3,021^ feet deep, were, as nil as water is concerned, 
absolntely dry, except those in the river bottom, which had water for the first han- 
dred feet, bat no flow that rose to the snrface. 

Other parties have obtained artesian wells near Florence, notably one well on Four 
Mile or Oil Creek, 4 miles from Canyon City, owned by the Canyon City Oil Company, 
and one each on the J. A. McCandless and Oranse White Ranches, about 2| miles east 
of FJorence, sank and owned by the Florence Oil and Refining Company* The forma- 
tion in the oil district is shale. The deep well above mentioned did not reach the 
bottom of the shale. The only sand found was 10 feet of dark rock at abont 2,680 
feet. Oil is foand in this district in seams or crevices of the shale at varying depths. 

Some years ago while stopping with a farmer named, I think, Stevens, aboat 7 
miles soathwest of Bedalia, on the JJenver and Bio Orande Railroad, on West Plum 
Creek, he informed me that on the very top of a table mountain near his place there 
was a clear spring of running water that never went dry. This mountain is about 
700 feet higher thai\the surrounding country, and at least 6 miles from the foot hills 
of the range, standing alone. 

Peter Maynes, of Littleton : 

In my opinion the artesian streak for this section of Colorado has its origin firom 
basin south of Croggy Peak, about forty-five miles from here and east of south branch 
of South Platte River. There are three large streams running into this baaiUi and 
only one small stream running out. 

Thomas Withers, of Denver: 

Upon artesian flow, however, I am sure in my own mind that the flow which we 
get here outcrops east of the divide between the Platte and Republican Rivers and 
forms the Republican River. Other plains' streams may f&t more or less of it, but 
the Sooth Fork, Arickaree, and North Fork of the Republican are formed solely from 
this flow. The sedimentary rocks, or rocks of the secondary and tertiary formations, 
being tilted up towards the west, the water from the mountains leaches down into 
the porous sandstones and is carried nnder the Platte and its basins' eastern rim to 
where these strata outcrop, and forms these streams of soft clear water which var>' 
for neither season nor weather. Of course they carry off the surplus storm waters, 
but they go quickly. Hence, artesian water may be struck all the way from the 
mountains to the outcrop of the water-bearing strata, but at some places the surface 
elevation may be too great, or the pressure too little for a surface now. 

A. P. Switzer, of Denver : 

I have drilled sixty- five wells in Colorado, mostly all in Denver. The record of 
Rosedale well is about a copy of the Denver wells, excepting extreme variations in 
water supply. I have drilled wells that flowed 400 gallons per minute in Denver. 
The same well flows 100 now, owing to the great number of wells in close proximity. 

Bear Creek, where it comes out of the mountains at Morrison, Colo., loses 500 onbtc 
inches of water in passing over the lower sandstones ; Platte River I think possibly 
more; Clear Ceek not quite so much. We have never reached the lower sandstoaes 
in Denver. 

In my opinion the overflow of this artesian basin appear as the nameroaa springs 
on the heMl of the Republican River ; all soft water springs. If we could pat a drill 
down to the lower sandstones, in my opinion we could get an enormous snpply of 
soft water with great pressure from Denver to Nebraska line. 
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The SaD Lais Valley is the greatest knowo artesian water basin of Colorado. Water 
there is obtained in great abundance fpr irrigation ; one well of 1,000 feet will irri- 
gate 400 acres. Paeblo also has wells at 1,400 feet, bnt the water carries so mncb iron 
and salirthat it will kill plants. I am now drilling near the Spanish Peaks, bnt at a 
present depth of 1, LOO feet the water carries 210 grains to the gallon of solids, mostly 
salts. 

If a well were to be put down, say 3,000 feet« in Eastern Arapahoe County, it would, 
I think, open np wonderful water courses. The State compels us to supply it with a 
record of all wells. You will find a number of mine in the Secretary of State's office. 

John 6. Myers, Littleton : 

I engaged in the artesian-well business in what is known as the ** Denver artesian 
basin, ^ five years ago. Our method of boring wells is known as the *' pipe-tools '' 
method, the pipe varying from 1 to 3 inches in size, depending upon the size of bore 
and depth to be reached. 

The first two years of the history of artesian wells the bore was about 3 inches, be- 
cause of the fact that flowing wells were invariably struck, until wells were bored 
in such numbers that the pressure was lessened and they ceased to flow. During 
that period wells were only used for domestic purposes, bnt when the second period 
arrived, it became necessary to introduce pumps, because of the increased use for 
water for factories, hotels, and other purposes. The usual bore of wells in this period 
was 4^ inches, which size has been gradually increased to 6|, and some are being bored 
as large as 8 inches. 

Aboat an average flow with wells first bored was from 5 to 100 gallons per minute. 
Some of these wells have but slightly diminished to the present time, while others 
have ceased to flow entirely ; principal cause due to the number of wells in close 
proximity, while some have ceased flowing because of insufficient casing. 

The evidence on hand would warrant the belief that the artesian water is perma- 
nent, bnt limited. Frequently, in a given area, we find a well with a large flow, say 

50 gallons per minute, with less than 1 pound pressure at the surface, while a well 
within 300 yards will only flow 2 gallons per minute with a pressure of 25 pounds per 
square inch. We believe that the character of the material passed through, more 
than the size of bore or altitude, affects such flow. 

The character of material passed through varies ffreatly within 200 feet. A well 
sunken First street, Denver, near Cherry Creek, Known as the'* Edward Kittle 
Well," we parsed through 52 feet of gravel, findins "blue clay,'' which we here denom- 
inate as " bed rock/' 30 feet. This was followed by 700 feet of sand, rock, grey, shale, 
cuttingwater strata at 350, 465, and 650 feet; last flow only coming to the surface. 
Then 200 feet of shale, being a total depth of 982 feet. 

A well sunk to 1,000 feet south of the above, on Sherman avenue, to a depth of 850 
feet, 'we found bed-rock at a depth of 32 feet, after passing through gravel that dis- 
tance, bed-rock being the blue clay, passing through the latter to a depth of 405 feet, 
followed by sand-rock to a depth of 6 feet, in which we cut a water stratum, the 
same flowing to surface without pressure. This was followed by 445 feet of blue 
clay, without encountering either rock or water. 

Usoally we find a similarity as to the depth of water strata, as well as a similarity 
as to formation. 

We find the water strata nndnlating as the surface, bnt not with it. We find four 
distinct water strata, the temperature of the water clearly indicating the stratum. 
The temperature varies from 46p to 65^ Fahr. 

The method of sinking wells is as follows: Small bores of from t^OO to 500 feet 
deep are usually sunk with the "spring-pole outfit" necessitating the labor of from 
three to six men, one man turning drill, the other to depress the pole, number of men 
varying with depth. Larger bores are sunk with engines of ten to twelve horse-power, 
necessitating two men to the shift, work usually being continued through the 24 hours. 
Eng'neers being paid $2 to $2.25 per day, with board. Drillmen are paid $2.25 to i^3 
per day with board. We reckon 1 foot of boring per hour, of whole time consumed 
in setting up and completing well of 4^ inches in diameter, or 6 inches per hour for 

51 inches diameter of casing. 

Contracts vary as to price and location. I take contracts for 3^inch casing to first 
flow (which in Denver is usually 350 feet), to any depth not exceeding 1,000 feet, cased 
with 2|-inch casing fipm such 350 feet to bottom of bore, the same being jierforated 
where flows are cut, I furnishing stand-pipe, all necessary casing, at $1.50 per foot. 
Have in some instances set up and compK'ted such wells, 850 feet in depth, in ten days 
of twenty-four hours. Ordinarily three weeks. A 5§ well, contract price S'i.75 per foot. 
A 5f well, as usually sank, is 5f inches to a depth of 350 feet ; 4^ from 350 to 450 feet ; 
^H from 450 to bottom of bore, usually 650 feet ; 6| well, done in same manner, $4.25 
per foot, contractor furnishing everything. 

In the Denver Basin the water strata are not feasible for purposes of irrigation, 
from the fact that cost of well overbalancen any possible profit. The topographical 
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as well JM the geological formation of the artesian basin is sncli that the available 
aapply of water, in proportiou to the laud to be irrigated, would bear aboat the same 
relation that a 2-incn hose would to the extinguishing of the Chicago conflagration. 

The water bed of the San Lnis Valley would yield a sufficient quantity of water to 
irrigate every square foot of its cuiti vatable land. 

In one case a man sunk six wolls 200 feet apart, the wells being 3 inches in diam- 
eter, 400 feet in depth, each well yielding 50,000 gallons of water per day. All six 
wells being suuk so near each other, and not affecting each other, is to me satisfaotoiy 
proof of the sufficiency of the strata. 

Seventeen wells sank in La Jara, to a depth of 125 feet to 185 feet, in a radios not 
to exceed 300 feet, bore 1^ inches, yield each 15 gallons per minute, temperature 46^°. 
Cost of each, |50. Method used in boring, hydraulic jetting. Four men completiog 
each well in two days. Saw one well beins; suuk 40 feet in one hour. Total cost of 
tools aud machinery, higb estimate, $75. Two wells at Alamosa, 850 feet each, 6-inch 
casing, yield 100 inches of water, or nearly 3 cnbic feet per second, temperature of 
water 60^. 

1 have bored 63 wells in this basin, of which, as the law requires of ns, yon will 
find succint reports at the office of the secretary of state. 

S. F. Goaeb, Littleton : 

I am about 2\ miles west of Mr. Chatfield, in the northwest quarter of section 3, 
township 6, range 69 west, and supposed to be out of the artesian basin. Having do 
well of my own, I hare not filled oat that particular form. In my position as water 
commissioner I go over a very considerable portion of Arapahoe and Douglas Coun- 
ties and also a small part of Jefferson County. In Douglas I do not find many arte- 
sian wells, but in Arapahoe there are a great number. 

B. F. Wadsworth, Arvada: 

The two wells that haye been put down here are 22 feet to bed-rock. Then alternate 
layers of fire cla3', mud streaks, blue clay, shale, coal, and sand to the depth of about 
180 feet to first water rock, then 120 feet hard rock and second water. Then on to 4*20 
feet through water rock to third flow at 460 feet. Water raised to 60 feet of surface. 
Good supply. Not thoroughly tested as to volume, but very good in quality. In re- 
gard to springs they are increasing every year. My ditch, 4 miles long, used to go 
dry as soon as the water was turned off at the head. Now, after twenty-ei^ht yean* 
use, it runs 15 inches of water from the springs along iU way. Other ditches are 
similar. Ralston Creek, a thunder-shower stream in 1H60, runs 50 inches of spring 
water in the dryeet winters. These springs are a great blessiug to our people, and 
should be guarded from the water-sharks who are now moving to divert theip by 
under-draining to sell again to the farmers. 

Immense springs can be made by diverting small streams near timber line to the 
north slope of the mountains, thus keeping up a constant ilow in a dry season. [Oar 
artesian wells come and go with the seasons. When the little streams in the foot- 
hills are pouring their coutents into the loose rocks so as to dry up before reaching 
the valley, arte^iian wells in Denver and vicinity work all right; but when the streams 
fail in the foot-hills, some of the wells cease to flow.] 

B. F. "vVadswortb, Arvada: 

The Stanley well in section 17, Township 3, range 69 west, was pnt down about six 
years ago, with about the same result as the Arvada well, and K<)no Park well, as 
far as a flow of water is concerned, but being on a high ridge it is quite bard to pump 
from. They had much trouble with caving of the well while trying to get deeper 
than 600 feet. 

As to the Artesian wells coming and going with the seasons, referred to in a former 
letter, I got my first intimation of it from Denver people, and it was so interesting 
to me that I wat<;hed the wells and . made inquiries until I came to the oonclnsion 
that late in the fall of a very dry season the poorer wells would show signs of weak- 
ening, and in one case the Ashland school well, was drilled out anew, aud a pnmp 
pnt in before the winter's snow in the mountains gave the new impetns. 

Nearly all the small streams in tbe mountains sink before reaching the hogbacks, 
thus filling the strata of porous water rock for one hundred of flowing and pumping 
wells. Wells near the mountains would naturally feel '^ pulse beat" more than those 
situated far from the mountains, and where the grade of water strata is less. 

The investigation in which you are engaged is a grand one and should be enooar- 
aged by all. 

Ohas. W. Dwelle, C. E., Denver : 

I ascribe the reasons for changes of flow of Windsor and Barclay artesian wells to 
two causes, viz, the cleansing of tbe wells by removing the sand and pulverised 
clay which had got into them, presumably with the water, aud to the difference in 
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the qaantitj of water wLich was being delivered to the uplifted strata which con- 
vey the artesian sapply. These strata outi:rop next to or in the bases of the foot-hills 
on the west or on the divide between the Platte ayd Arkansas on the softth, and 
possibly also on the divide between Cherry Creek and Coal or Sand Creek on the east 
of the Artesian basin which supplies the wells. 

It will be noticed in the cases of the sudden chanf^es of amount of flow^ that the 
least quantity flowing was in the lat.e fall or early winter, as a rule when there was 
the least amount of snow melting and the least quantity of water in the streams; 
while the greater flow in connection with these sudden changes was in the early 
Hpring following^ when the snow was rapidly melting and the streams full of water. 

In the case of the sudden change noted in February, 1886, L made a note at the 
time, as I remember, that the latter part of January of that year and the month of 
February were very open, and there was a great deal of rain in addition to the 
melting snow at that time. 

I think reference to the weather reports will verify me in this, and I ascribed, as I 
have said, the change in flowing condition of the wells to the quantity of water de- 
livered to the arresian strata by the humid early spring and Ikte winter over and 
above what was received by them in the previous fall, which was a comparatively dry 
season, tp the best, of my recollection. 

Ir. should be remembered in this connection that the Denver artesian basin is a 
small one comparatively, with a disproportionately great number of wells, many of 
them improperly cased and allowing the water to leak away probably through under- 
ground crevices and cavities, while at that dae especially there were quite a number 
of w«lls, mainly on the ranches on the lower elevations, or rather depressions of the 
basin, which were allowed to run to waste. Indeed I thick there is uo question but 
what quite a number of wells not protected with casing at all have been sunk in 
this basin* mainly on the ranches. 

If now it is considered what a drain upon the supply all these wells would make in 
a dry season, it is not surprising that the flow should increase very materially dur^tfg 
a succeeding wet one. 

As regards the resistance. to flow of water offered by the sand and clay filling the 
wells for 20 or 30 feet in depth, the nature of the clay should be taken into con- 
sideration, and it should be remembered that it is the same material which forms 
the walls of the water strata, having a decided tendency to pack, and when so 
packed in combination with the sand, offering great resistance to the passage of the 
water through. As one of the stratum walls, it is in fact, in its compacted auddeuse 
condition, as we know must be the case, entirely impervious to water. 

It should also be remembered that at the time the wells were cleaned and the flow 
had been diminished by reason of the clay and sand, it had also been very materially 
diminished by the cause already suggested, as well as the more sufficient reason that 
more wells had been sunk upon the basin than it could fully supply without a de- 
creased flow* 
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NOTES AND ADDITIONAL INFORMATION. 



No. 1. Most northerly well of the DeDver Basin. 
No. 2. Fifteen feet above the Platte River. 
No. 3. Temperature of water 56° ; cost (250. 
No. 4. Cost 1200. 
No. 6. Sank by owner. Strata as follows : 



Clay to 105 

Soft sandstone ,. ..J.ltS 

Blue clay 126 

Bind 127 

Soft blnestone 127^ 

Soft sandstone IM 

Soft blnestone 139 



Soft stone.... 142 

Clay 145 

Sandstone 151 

Bine clay 15^^ 

Soft blnestone 186 

Sand I86i 

Bine clay 215 



No. 7. 
No. 8. 
No. 9. 
No. 11. 
No. 12. 
No. 13. 
No. 14. 
No. 15. 
No. 16. 
No. 17. 



No. 18. 



Water comes near the surface. 

Cost $185. First flow has temperature of 53^. 

Cost $300. Temperature 58<^. 

One flow only. Cased 97 feet. 

Cost 1^200. 

Cost|200. 

Cased for 30 feet. 

Second flow had temperatnre of 56^ ; cased 40 feet. 

From second flow. 

Drilled ?90 feet, 1888 ; flowed 4^ gallons per minute. Decreased to 1| gal* 

Ions in January, 1890, when sunk deeper. Found filled with sand. On 

cleaning flow increased. 
Cost #260' Strata as follows: 



Strata. 



Surface 

Hed-Fock vclay) 

SftDdBtane 

Black clay 

Black slate.... 
A^rteaian aand . 
Slate and c>oal . 
Artesian MUid . 

Blue alate 

ArteeliM sand. 
Slate 




No. 19. Cost $700. 

No. 20. Cased 60 feet. 

Nt). 22. Water from 90 feet rises, but does not reach the surface. 

No. 23. Cased 25 feet. 

No. 24. Cased 36 feet. Strata as follows : 



Strata. 



Surf aci> and blae day to . . . 
SAodatone aod iron pyrites 

Blue cla3' .* 

Sandstone 

Soft clay , 

Hard sandstinie 

Blue clay , 

Sandstone ;. 

Gray clay 

Warer-rock , 

Gray clay , 



Thick- 
ness. 


Depth. 


Feet 


Feet. 




82 
91 


9 


20 


ill 


19 


130 


23 


1.53 


19 


172 


18 


190 


19 


209 


30 


239 


21 


260 


21 


281 



Remarks. 



Water, but does not roach snrface. 
Water to 80 foet from surface. 
Water to 70 feet from surface. 
Water to 15 feet from surface. 
Flow raised 36 feet 
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No. 25. Flow given is that of Jane 4, 1888. 
No. 27. Cased 25 feet. 

No. 28. Cost $171.15. After being Bhnt off, fine gray sand, mixed with clay.i* 
brought np, 4 quarts at a time ; cased 35 feet ; water strata, 98-100, 207-210, 310-318. 
No. 29. Cased 49 feet. 



StratA. 



Snrface 

Blue clay 

Sand-rook 

Water^rook..., 

Blue olay , 

Blae aand-Tock 

Bine day 

Sbale 

Saod'FOok 

Water-rook.... 



Thick- 
noM. 



Feei. 
54 
96 
6 
12 
80 
32 
100 
80 
32 
18 



Bepth. 



F09U 

54 
150 
150 
168 
108 
230 
330 
300 
422 
440 



Bemarka. 



First flow 15 gallons per mtnate. 



Second flow 00 galloDs per minute. 



No. 30. Cost $800 ; reservoir built to hold sixty days' run ; began to irrigate from 
it in 1889. 

No. 31. Cased 34 feet. 

No. 34. Cased with 3^inch casing to 564 feet ; then 2i-inch to 764. There are 307 
feet of 2i, giving a lap of 7 feet ; 70 feet of this pipe is perforated, to allow the flow 
from the second level to enter the 3^inch casing. The strata are as follows : 



Feet. 

Surface 50 

Blue clay to 207 

Sand and water rock 335 

Blue clay 338 

Sand rock 376 

Blue clay 387 

Sand-rock 420 

Blue clay 432 

Hard sand-rock 433 

Blue clay 470 

Saud-rock 508 

Shale 510 



F«et 

Clay 5i5 

Sand-rock 535 

Clay 560 

Hard sand-rock 580 

Water-rock (water, 3 gallons per 

minute) 645 

Shale and clay 7(vl 

Hard sand-rock T65 

Sand-rock HU6 

Water-rock b40 

Clay (water, 10 gallons per minute) Hod 



No. 35. Cased 30 feet. Flow reported 8 gallons per minute when completed ; 5 gal- 
lons in May, 1888 ; 7i gallons by measurement May, 1890. 

No. 36. Cost $1,000 J cased 485 feet. Flow 20 gallons per minute first two years. 
Failed to nearly nothing ; had it cleaned ; regained half flow. Water was strack at 
180 ; no flow. 

No. 37. Cost 1700. Temperature from 141 feet, 50^^ ; from 239, 55<^. Strata as follows: 



Surface to feet.. 36 

Soapstone to ....do... 36 

Iron pyrites inches.. 8 

Soapstone feet.. 139 

Sandstone .................. .do... 141 

Water-rock ( water, 1 gals. ) . . do . . . 145 



Soapstone feet.. 203 

Sandstone do... *207 

Soapstone do... *237 

Cap-stone do... 239 

Water-rock (flow 52 gallons ) . . do . . . 2Pi> 

Soapstone do... 301 



No. 38. Cased with 3finch casing to 563 feet; with 2i-inch to 826 feet. 



Strata. 



Sarface 

Blue olay 

Sand-rock 

Blue day 

Sand-rocK 

Shale and clay 

Sand-rock 

Blue clav 

Sand-rocK 

Bice clay 

Sand-rock 

Blue clay 

Sand-rock 

Blue clay 

Sand-rock 

Blneelay 



Thick- 
ness. 


Depth. 


Feet. 


Feet, 


125 




62 


i87 


20 


207 


32 


239 


6 


245 


203 


448 


5 


453 


12 


4o5 


103 


568 


48 


616 


27 


643 


87 


730 


40 


770 


38 


808 


17 


825 


H 


828i 



Bemarks. 



Water to 100 feet of surface. 
Water from 564, 2 gallona per miante. 



Water, 810, 12 gallons. Baised 20 feet 
above surfaoe. 
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No. 39. Cased 47 feet 

No. 41. First flow. 8 gallons. 

No. 42. Caded 96 feet. 

No.- 43. Cased 410 feet. Commenced to case October, 1889. It then began to bring 
up white sand and shale. 

No. 44. The flow of 40 gallons per minute was in May, 1888. 

No. 45. At first raised 60 feet high ; now 12 feet. Has two reservoirs ; would water 
about 2 acres withont them. There are two flows^ the last between 530 and 6*20. 

No. 46. Cased the full depth with 3^ and 2^ inch casing. Strata are as follows: 



FeeL 

8nrfacA, quicksand, clay 155 

Qreen shale 164 

Coal 165 

Shale and clay 178 

Blue sand-rock 181 

White sand- rock 193 

Shaleandclay 198 

Sand-rook 228 

Shale 231 

Clay 255 

Sand-rock 256 

Clay 476 

Water- rock ( water to 4 feet of surface) 484 

Clay 490 

Shale 512 



Feet 

Hard sand rock... .• 516 

Clay and sand-rock 562 

Shale , 582 

Sand-rock.., 590 

Clay, sand-rock, and shale 750 

Sand-rook 782 

Water-rock (water 10 gallons per 

minute) 792 

Sand-rock 1 803 

Coal 804 

Sand-rock 807 

Clay 825 

Water-rock (water 15 gallons per 

minute) 833 

Shale «>8 



No. 47. Cased with 3i-inoh casing to 537, then with 2|-iDch to 825, with a per- 
forated piece at the 787-foot flow, to allow water to enter. The well is connected 
between the 4^-inch stand-pipe and the 3i-inch casing so as not to leak. 

The strata are as follows : 



' Feet 

Surface 36 

Yellow clay 70 

Blue clav 177 

Sand-rock 196 

Blue clay 2h5 

Sand-rock 311 

Blue clay 334 

Sand- rock *VJo 

Blue clay 371 

Very bard sand-rock :^5 

Blueclay :i77 

Hard sand-rook 379 

Blue day 430 

Water- rock (water to 120 feet of sur- 
face) 434 

Clay and sand-rock 496 



Tough clay 537 

Hard sahd-rock 540 

Blueclay 583 

Water-rock (water to 80 feet of sur- 
face 590 

Very hard sand-rock 591| 

Shale (water from 604 to 40 feet of 

surface) 604 

Water-rock (at 787 flow 3 gallons 

per minute) 789 

Tough clay 825 

Sand-rock 840 

Water-rock (flow 15 gallons per 

minute) 868 

Blueclay 881 



No. 48. Cased to 567 feet with 3i-inch casing ; to 790 with 2i-inch casing 

This well seems to be located at the confluence of Tollgate and Sand Creeks. The 

strata dip in a northeast direction. The water strata are pinched, and at no place 

exced 2 ieet in thickness. 

The strata aro : 

Feet 

Clay to 9 

Rotten sandstone 69 

Soap^stone 89 

Fireclay 104 

Sandstone 116 

Clay 181 

Sand-rook 196 

CUy 276 

Hardrock 279 

Blaeshale 299 

Clay 334 

Sand-tock 343 

Shale 403 

CUy 443 



Feet. 
Sandstone 451 

Clay 46:j 

Sandstone 478 

Shale 508 

Hardrock .513 

Shale 567 

Sand-rock 572 

Shale 707 

Sand-rock 713 

Water strata (water) 715 

Shale 790 

Rock 798 

Water strata (water to 60 feet of sur- 
face) 799i 



1 
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Peet. I 

Clay 819i 

Sand-rock 821 

Shale 826 

Mineral 827 

Clay 837 

Shale 857 

Sand-rook 859 



Fed 

Clay BfiS 

Shale :.. 880 

Clay 888 

Sniid-rock 891 

Clav 896 

Shale 915 



No. 49. Coet $1,000. No flow. Water comes to 70 feet of snrface. 

No. 50. Cost about $2,500 for well and casing. Pump, boiler, stand-pipe, etc., extra. 

No. 51. Cost $3,500. 

No. 52. Cost $1,890.75. 

No. 53. Water comes to 20 feet of snrface. 

No. 54. Most Bontherly well. £levation 6,670 feet. Nearly all depth was sand- 
rock. Some crops are raised here without irrigation. 

No. 56. Cost $275. Brought up black sand in small quantities. 

No. 57. Temperature 58^. 

No. 60. Cased 57 feet. Temperature 62^. 

No. 62. Cost between $1,500 and $1,600, exclusiye of pump, windmill, etc. The well 
was completed about 600 feet deep November, 1886. Flow was from 8 to 14 ffallons 
per minute for several months, wnen it failed. After cleaning it regained a now of 
from 4 to 8 gallons, and continued for two or three weeks and fulled. Then it was 8unk 
to 821 feet but obtained no more water. It brought up some flue sand at first. 

No. 63. Casing of 3 Inches for 50 feet, of 2 inches for 150 feet. 

No. 64. The flows were small from 80 feet; 10 gallons per minute from 800 feet; 20 
gallons from 408. 

No. 65. Cased 214 feet with 4-inch casing. 

No. 66. The strata passed through are as follows : 



Feet. 

Sand, soil, and grav<'l 15 

Soap-stone and rock 85 

Hard-rock 97 

S^nd-rock ^ 182 

Hard-rock 185 



. Faei 
Water-rock, principally with inter- 
vening strata of fire-clay (first 

flow) 283 

Fire clay, some sand-stone '^ 

Water vein (second flow) 470 



No. 67. Cased 723 feet ; from 640 feet water rose to 100 feet of surface ; from 723 to 
51 feet. 

No. 68. Cased 400 feet, 2-inch casing ; number of section is doubtful; record is as 
follows: 

Feet. 

Gravel and soil 20 

Soap-stone 60 

Fire-clay 212 

Sand-rock 13 

Fire-clay 225 

Sand-rock (first flow 1 gallon ) 290 



Feet. 

Fire-clay 300 

Sand-rock (second How 6 gallons).. . 395 

Fire-clay and soap-stone 400 

Sand-rock (third flow) 580 

Sand shale (flow from 606 feet 120 

gallons) 636 



No. 69. Cased 265 feet with l^inch casing ; the pressure was 15 pounds ; in 1888 bad 
become reduced to 2 pounds per square inch. 

No. 70. Cased 275 feet with U-inrh casing; pressure reduced from 4^ to 3 ponods 
per square inch. 

No. 71. This well was sunk by hand with spring-pole in eighteen days, at a cost of 
$300 ; cased 335 feet ; some soap-stone and white sand have been brought up. Flow 
was 3 barrels per minute ; is now 1. 

The record is: 

Feet. 

Snrface soil to 19 

Soap-stone i:V) 

Hard rock 135^ 

Water-bearing rock (flow 1 gallon) . . 141 j 

Hard rock 142 

Soap-stone 175 



Feet 

Hard rock 175^ 

Water-bearing rock (flow 3 gallons). iS\i 

Hard rock 1«J 

Soap-stone ...♦ 3i?5 

Water-bearing (flow 125 gallons) 410 
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No. 72. Cased for 49 foet. 

No. 73. Completed July 24. Pressure then 20 poijinds per sqnare inoh; flow 60 
ffallonsper miimte. September 12, same year, Mr. Montague reports the pressure to 
nave increased to 30 pounds per square inch ; the flow to bave doubled. 

The record is : 



Feet. 

Surface 20 

Soap-stone 47 

Clay 50 

Soap-stone 75 

Water sand-rock (water ruse to 14 

feet'of surface) 100 

Sand-rock 140 

Water Tein (flow, 4 gallons per min- 
ute) 145 



Feet. 

Fire-clay j |^ 

Water vein (flow, 6 gallons per min- 
ute) ^-.. 245 

Soap-stone and clay ^ 390 

Flint rock 39:i 

Water vein (flow, 20 gallons) 435 

Fire-clay 460 

Water vein (flow, 60 gallons) 494 



No. 74. Between Central Park and Riverside Cemetery. The record is as follows : 

Feet. Feet. 



Surface 18 

Soap-stone 94 

Sand-rock 106 

Water sand-rock (first flow) 116 

Fireclay 125 

Flint rock 126 

Fire-clay and soap-stone 184 

Flint 1«5 

Water-rock, sand (second flow) 195 

Fire-clay 210 

Sandrock :. 245 

Flint (two crevices, 6 in(ihes each) . . 253 

Water vein 253| 

Flint 255 

Water 260^ 

Magnetic iron 261^ 

Water 262 

Hard crystal rock 264 

Water vein! 264^ 

Flint 266i 

W-Uervein 267 

Fire-clay 272 

Water-bearing sand-rock (flow) .... 300 



Fire-clay 303 

Hardsand-rock 305 

Water vein 313 

Fire-clay 321 

Watervein 326 

Cr^'stal rock 329 

Fire-clay 360 

CrysUlrock 362 

Fire-clav 3S2 

Sand-rock 385 

Fire-olay 400 

Flint 402 

Sand shale 415 

Flint 417 

Sand-rock 425 

Fire-clay...: 451 

Iron and white flint (flow!) 452 

Clay 457 

Water vein 460 

Clay 470 

Water vein. . ,. 490 

Fire-clay 502 

Blueshale .* 507 



No. 75. Cased with 30 feet ot 4-inoh casing, and with 42 feet of 3-inch. The strata 
are as follows: 



Feet. 

Sarface 30 

Soft soapatone 40 

Hard rock 49 

Soapstone 100 

Sand-rock (water 1 gallon per minute) 105 

Fire-clay 115 

Sandrock 150 

Fire-clay 164 

Sand-rock (water 2 gallons per min- 
ute) 177 

Fire-clay 187 

Sand- rock (water 8 gallons per min- 
ute) 200 



Feet. 

Fire-clay 220 

Sand-rock (water 10 gallons per min- 
ute) 244 

Flint-rock 245 

Sand-rock 265 

Fire-clay 282 

Sand-rook 300 

Sand-shale, sand-rock, tire-clay, blue 

shale, and hard rock strata 4." 5 

Sand-rock (water) 470 

Tough sand-rock 488 

Water-rock (water 75 gallons per 
minute) 504 



No. 76. Caaed with 3 and 2 inch casing to 65 feet. The strata are : 



Feet. 

Surface 34 

Soapstone 95 

Water-rock (flow 1 gallon per min- 
ute) 100 

Soapstone and clay 160 

Ham rock 165 

Water vein (flow 2 gallons) . 175 

Fireclay 185 



Feet. 
Water vein (third flow 3 gallons) .... 195 

Sand-shale 220 

Water ( fourth flow 5 gallons) 230 

Sand-shale and clay 266 

Water vein (fifth flow 10 gallons) ... 300 

Sand-shale and clay 375 

Water vein (sixth flow 12 gallons). .. 381 
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No. 77. D. A. Montagae, the oontraotor, says : *' Foaad flowine water at a le« 
depth than ever foand in any well in this State that I know of." The record of 
strata is : 



Feet. 

Surface 20 

Soapetoiie , 65 

Water ( 1 gallon per niinntn) 70^ 

Fire-clay 80 

Sand-rock 85 



Feet 

Soapstone 100 

Fire-clay 13d 

Hard rook 140 

Water vein (9 gallons per minute). .. 175 



No. 78. Cost about $3,000. Contract price |2 per foot. This included drilling and 
putting easing in place. At first it brought up some sand. Each flow is separately 
cased : 7f , 5f , 4f inch casing, respectively. Stand pipe throogh the surface material 
is 10 inches in diameter. The flow has decreased m>m 173 to 100 gallons per minute, 
probably from sand. 

No. 79. Cased 34 feet with 2i-inch casing. The strata passed through were as 
follows : 



Feet 
Surface 31 

Soapstone and fire-clay 125 

Water-vein (3 gallons per minute).. . 130 

Fire-clay and soapstone 250 

Flint-rock 251 



Feet. 
Sand-rock (9 gallons per minute) .. . 276 
Fire-clay, soapstone, and occasional 

thin strata of sand-rock 465 

Water-vein (30 gallons per minute) . 488 



No. 80. Cased 35 feet with 2i-inch pipe. Flows at 95 to 100 feet, 3 gallons per 
minute ; 302 to 337, 9 gallons ; from 477 to 506, 25 gallons per minute. 

No. 81. Soapstone and fire-clay to 155 feet ; water- vein (3 gallons per minute) 165 
feet; , fire-clay and soapstone, 245 feet ; water- vein, 5 gallons per minute, 270 feet; 
fire-clay, etc., 305 feet : water- vein, 20 gallons per minute, 330 feet. 

No. C&. Cost $700. When first completed two wagon loads of sand was brought up. 
It then flowed 90 gallons per minute, now 50 gallons. Flows of water from b5 to 70 
feet, 1 gallon per minute; 130 to 168 feet, 5 gallons per minute; 258 to 290 feet, 26 
ffidlons per minute. Other flows were found at 376 feet, 30 gallons per minute ; 400 
raet, 75 gallons per minute, and heaviest flow below iron rock (probably pyrites), 6 
inches in thickness, struck at 427 feet. The well has 3-inch casing to 37 feet, and 
2-inch to 57 feet. 

No. 83. Cased for 32 feet with 2i-inch casing. 

No. 84. Cased for 120 feet with 2^ and 2 inch casing. The formations passed 
through are : Surface to 29 feet ; soapstone and fire-clay, 185 feet; water- vein, flow 3 
gallons per minute, 195 feet ; fire-clay and soapstone, 245 feet ; water- vein, flow 9 
gallons per minute, 338 feet. 

No. 65. There are about ten other artesian wells within half a mile from us, and all 
seem to be flowing. We think having so many so near together has affected the 
flow of all to some extent. 

No. 86. In 1884 387 feet were cased with 7f-inch pipe ; 558 feet with 5f . Main flow 
fW>m 575 feet. The outer casing is perforated in two places to admit upper flows. 

No. 88. Now pnmping ; 400,000 gallons daily rejiorteil. 

No. 89. Cased to 345 feet. Pressure, at first, 32 pounds; in 1884 the Colorado Sci- 
entific Society reports 8 pounds. 

No. 92. Since sunk to b'M feet. Now pumped. 

No. 93. Total cost, $1,280. Contract price, f 1 J^ per foot. The water oomes to 7 
feet of the surface. Several other wells in the vicinity are pumping from the same 
water strata, which is probably the reason the well does not flow. 
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The foUowing is the record of the strata passed throaf^h: 



Btntik 



Sand 

Cl»y 

Saad 

Caay 

Sand 

Saod-rock 

Cl».v 

Suid-ixMsk/.... 

CUy 

Sand-rock , 

Clay 

Sand 

Artesian strata 

Clay 

Sand-rook 

CUy 

Sand-rock 

Clay 

Artwriin strata, 



Thick- 


Depth 
below sor* 


ne^s. 


ftoe. 


Fest ' 


IVet 


10 
1 




11 


7 


18 


7 


25 


11.6 


36.6 


6.60 


48.2 


>&2 


136 


ao 


155. 


55 


210 


10 


220 


40 


260 


2 


262 


8 


270 


8 


278 


8 


286 


5 


301 





310 


6 


316 


3 


818 



Strata. 



Sand-rock 

Clay 

Saud-rock :.. 

Hard sand-rook and iron py 

rites 

Artesian strata. 

aay .. 

Sand-rock 

Shale 

Sand-rook 

Cay 

Sand-rook 

Clav 

Shale 

Clay 

Sand-rock 

A.rtesiaii Mtrata 

Sand-rock 






Fut. 

928 
343 
353 

356 
858 
370 
878 
880 
387 
427 
451 
474 
404 
529 
575 
615 
623 



No. 95. The well is at 330 Gerspach avenae. Cased 265 feet with 2i and U inch 
casing. The strata are — 



feet 

Water- vein Tflo w — gallons) 195 

Fireclay. -.1 234 

Flint 235 

Water- vein (flow 3 gallons) 240 

Fire-clay 250 

Water-rock (flow 6 gallons) 264 

Flint 265 

Water- vein (flow 10 gallons) 273 

Flint 275 

Water- vein (flow — gallons) 338 

No. 96. On Argo street, Denver. Cased 241 feet with 2i and 1^ inch pipe. The 
strata are — 

Feet. Fset 



Feet. 

Surface to , ' 30 

Soapstone 75 

Water- vein (flow 1 gallon per minute) 80 

Soapstone 100 

Sand-rock '. 105 

Fire-clav 125 

Sand-rock 130 

Fire-clay 165 

Water- vein (flow 2 gallons) 175 

Fire-clay 190 



Flint 272 

Fire-clay 279 

Water- vein (flow at 275 feet, 15 gal- 
lons) 309 

Fire-clay 317 

Water-vein 329 

Hard rock 330 

Sand-shale 346 



Surface to 31 

Soapstone Ill 

Sand-rock 116 

Soapstone (flow from 120 feet, 1 gal- 
lon) 151 

Fire-clay and sand- stone (flow from 
214 feet, 3 gallons * 245 

Flint 246 

Fire-clay 255 

Water- vein (flow at 267 feet, 5 gal- 
lons) 271 

Nos. 97, 98, 99, 100. (See Himber's table.) 

No. 101. Contractor says *' ought to have been cased, but parties would not.'' 

No. l(Xi2. Since sunk to 700 feet. At first only to b2S feet, with casing the entire 
distance. The pressure was 45 ponnds per souare inch. 

No. 103. In the rear of the railroad building, corner of Fifteenth and Larimer 
streets. Cased for .^20 feet with 5|-inch casing. 

No. 104. On lot 21, block 20, East Denver. Cost, $1,611. Two separate casings, 
400 feet of 5f-inch ; 545 feet of 4^inch. Water is now 10 feet below surface ; the 
head used to be 35 feet. A pump has Just been put in. A little sand has been brought 
op at the shops. 

No. 105. Contract price for boring, $1.50 per foot. Total cost, $1,225. Water rises 
to 20 feet of surface. Another wellfrom the same water stratum, only about 300 feet 
away, is being constantly pumped. 

No. 106. Comer of Sixteenth and Holladay streets. Cased 360 feet with 8-inch pipe. 

No. 107. The first well sunk after the discovery of artesian water ; cost $1,500. 

No. 110. Lot 1, block 37, West Denver; cost $755. Was sunk to 314 feet in 18H3 with 
4-inch casing, furnishing an immense amount of water rising in pipes to the third 
storv, where it emptied into a large receiving- tank. Owing to a great number of 
wells being sonk all around us the flow commenced decreasing until it was barely 
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sufficient to supply the boilera. la 1887 the well was deepened to 600 feet 02|Bing tbe 
lower part with 3-inch casing. Now get ample snpply by pumping. Have no means 
to measure the natural flow. 

No. 111. Block 101 East Denver ; cost $950. Fifth flow is used. 

No. 11:). Now pump. Have a second well 700 feet deep. (See Himber's table.) 

Nos. 119, 120. Comer Larimer and 18th street. See variations given in text. 

No. 132. The assistant engineer in charge May, 1890, said the well was no longer 
used. Has been pumped for some years. 

No. 123. Comer of 15th and Curtis. The first well to reach the 600 feet flow. 

No. 124. Comer o£il.6th and Lawrence ; cost $1,660. When first finished wat«r rose 
60 feet above surface, now only 30 feet below. At 350 feet water bearing sand strnok, 
but without pressure enough to bring to surface. Case i86|-inch pipe. Now pumped. 
Pump is 100 feet below surface. 

No. 125. An attempt was made to sink the well deeper in 18^, but tbe tools be- 
coming caught the well was abandoned. 

No. 128. At the northeast comer of the City Park of Denver. 

No. 129. Cost 1800 for windmill and all. Pumped. 

No. 130. The strata are : 



Sand to -•-. 


Feet. 
40 


Iron can ........••••....... 


41 


Yellow sand. ............... 


81 


Shale 


181 


Sand 


201 


Sandstone and slate 


251 



Sand 266 

Unstrittified shale 511 

Sand 526 

Shale 582 

Water-vein (water comes to 121 feet 

of the surface) 605 

No. 131. Cased for 595 feet, 6|-inch reducing to 4f and 3^; water at 2S&^ to 30&^, 
at 460 to 510, at 570 to 620. 

No. 132. Water used in manufacture of ice. ITse 100,000 gallons daily. Some saad 
was brought up at first. 

No. 13.5. Filled 100 feet with sand. 

No. l:)6. A suburban well. Cost $1/265. 

No. 137. Cost 91/250. Cased to bottom. The strata are: 



Feet. 

Surface material 60 

Soapstone 300 

White sand (flow 3 gallons per min- 
ute) 320 

Blueshale 450 



Ftot. 
White saud (flow 2 gallons per min- 
ute) 480 

Black shale (soft, caved ba<tiy ) 580 

White sand (flow 6 gallons) 620 

Black shale 627 



No. 140. Cased to 548 feet. From 410 feet, temperature is 58^ ; from 563, 66"^. The 



stratA are : 

Feet. 

Sand and bowlders 62 

Blue sand-rook 130 

Clay and shale 240 

Water-rock (no flow).... 245 

Shale and clay 400 



Feet» 
Water (3 gallons per minute, 58^).. . 410 

Sand 450 

Clay and saud-rock 548 

Water (20 gallons per miuote, 66°).. f^GS 
Clay 565 



No. 141. Cased with 3-inch and 2-inch casing for 345 feet. 

Feet. 

Surface 3;4 

Soapstone 60 

Hard sand-rock 80 

Soapstone 160 



Feet. 



Water vein (flow 3 gallons per min- 
ute) 170 

Soapstone, shale, and fire-clay 370 

Water-bearing (except 13 feet of clay 
about 400 feet ; flow ItiO gallons) . . 450 

No. 147. At Petersburg. Cost |l,080. The flow has increased 2 gallons per minute- 
Cased with Scinch casing to 276 feet, with 2i-inch to 620. The casing is perforated 
at each of the water strata. The record of strata is: 

Feet. 

Surface 40 

Brown shale 50 

Blue sand-rock '70 

Blueclay 90 

Blue sand-rock 135 

Blueclay 260 

Water-rock (water did not rise to 

surface) 270 

Clay and sand-rock (flow) 346 

Water-rock 356 

Blueclay 395 

Sand-rock 410 



Blueclay 558 

Water-rock 568 

Brownshale 570 

Water-rock 575 

Blueclay 679 

Water-rock : 584 

Blueclay 590 

Sand-rock 602 

Blueclay 620 

Water-rock 685 

Black shale 720 



The flow increased from 346 feet downward. 
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No. 152. Total cost, $9,467.77; 42,000 gallons pumped daily. The record of the 
strata is as follows : 



Strata. 



CUy 

Mixed olaj and gravel , 

Softaandstone 

Brown sandiftone 

Soapatone 

Shide 

Hard aandatone 

White aand (flrat water-bear« 

inffstratam) 

Hard amdatone (rises to 63 

feet of sarfaoe) 

8hale 

Water sand (bat no water) . . 

Shale 

Softaasdatooe 

Hard sandstone 

Water strata 

Hard sandstone 

Waterstrata 

Hard sandstone 

Water BtrsU 

Hard sands tone 



Thick, 
ness. 



7. 
20 

8. 

72 

100 

82 

12 



3 

82 
5 

53 
6 

76 
6 

10 
4 
5 
2 
5 



Depth. 



Feet 

7 

27 

85 

107 

207 

280 

301 

306 

808 

390 

S05 

448 

453 

460.5 

466.6 

476.6 

480.6 

485 6 

487.6 

402.6 



Strata. 



Waterstrata 

Sandstone 

Water, clay, and shale 

Shale 

Sandstone with sand and clay 

Sandstone 

Shale 

Shale 

Sandstone 

Hard sfindstone 

Mineral sand 

Shale 

Sand 

Shale and sand alternately .. 

Hard sand-rock 

White water-sand 

Sandstone 

Shaltt 

SandMtone 

Hani saud 

Shale 



Thick- 
ness. 



FuL 
0.6 
4 
30.6 

a6 

46 

8.6 

1.6 
11 

2 
22 

1.8 

1.0 

6 
24 

7 

4 

2 

6 

2 

6 

4.6 



Depth. 



Feet 

403 

407 

527.6 

534 

5K0 

588.6 

500 

501 

603 

625 

626.3 

«28 

6J4 

658 

665 



671 

677 

670 

670.6 

684 



Gaptain Campbell also ^ves the following wells, located within 3 
miles of the Government reservation, which are not included in the 
tables. Most of them are not mapped and not counted. 

JAsi of artesian wells near or within 3 miles of reservation. 



(Thariee Treat 

Peter MaeneK 

Denver Trausfer Company ^ 

Adam Rocker T 

Judge Rncker 

Joseph Brown 

J.Jones 

John Morrison .^.. 

JndseSteck 

O. Stefan 

Mr. Harwood 

Mr. Hates 



Depth. 



FeH. 

300 
500 
SOU 
615 
475 
540 
627 
767 
7:» 
425 
500 
510 



Nunilier of 
flow. 



First . . 
Second 
First . 
Third. 
Sncond 
Third. 
.. do . 
First . 

do . 

.. do . 
Second 



Gallons 
per min- 
ute. 



1 
]3 

7 
15 
80 
20 
35 
12 
12 

1 
25 
10 



No. 153. Co8t $2,250. At 804 feet water was struck which came to 45 feet of the 
surface. The record is : 



Feet 

Sandstone 2(>5 

Blue clay and shale 794 

Sandstone 802 

Shale 804 

Sandstone and water 



Feet 

Surface 56 

Sandstone 63 

Blue clay 236 

Sandstone 241 

Shale 251 

No. 154. Put down for several neighbors at the comer common to their farms. Now 
owned by Messrs. Culler, Horn, and Canning. Cost |1,440. ''The well flows with 
greater force after 6 p. m,'' 

No. 155. Cost 1725.50. Cased 800 feet. 

Noa. 159, 160. Both wells are used for irrigating orchard by means of pipe-lines laid. 
Area is not given, bnt owners say that each well, if all the water is applied and nsed 
with pipe and hose, applying only to trees, would water from 15 to l8 acres. One 
well was contracted for at 75 cents, the other at 80 cents per foot. The cost was 
1793.10 and $652.52, respectively. 
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No. 161. Is cased 350 feet with 3^ and 2i inofa pipe. The water is piped to the 
highest point of the owner's land and there rans into a small reservoir. The strata 
passed tnrongh are: 

Feet. 

Clay 260 

Sand-rock ^ 269 

Verv bard sand-rook 270 

Clay 310 

Water-rock (flow, 3 gallons) 315 

Clay and sand-rock 350 

Water-rook (flow, 35 gallons ; temper- 
ature, 61^ 370 

Clay 377 



Feel 

Surface 26 

Blue-clay and shale 62 

Blue sand-rock 110 

Clay 115 

Sand-rock 120 

Clay 142 

Shale 151 

Clay and shale 158 

Water* rock (flow at 177, 1 gallon per 
minute) 180 | 

No. 163. In Littleton. Cost, |360. Not cased at all ; 16 stove-pipe is all there is 
in it. Used for water service. There are nine flowing wells in this town, Littleton. 
No. 172. Cased to 165 feet, with 2i inch casing. The formation is: 



' Feet. 

Surface 48 

Blue clay 58 

Sand-rock (1 gallon per minute) 185 

Shale and blue clay 240 

No. 174. Cost, 1287. Flow is increasing. 
No. 175. Cased 246 feet. 

Feet 

Surface material and blue clay 70 

Blue sand-rock 83 

Clay and sand-rock 95 

Blue clay 136 

Sand rock \}^ 

Water-rook (1 gallon per minute) . . . 260 

Blue clay 281 

Water-rock (3 gallons per minute) .. 285 
Blue clay - 314 



Feet. 

Sand-rock (2 gallons per minute) 243 

Blueclay 288 

Sand -rock (5 gallons per minute) 291 

Blueclay 298 

Has increased 5 gallons per minute. 

Feet. 
Water-rock (5 gallons per minute) . . 320 

Sand-rock 329 

Clay 333 

Water- rock (8 gallons per minute).. 335 

Iron pyrites 335|^ 

Sand-rock 393 

Water-rock (12 gallons per minute) . 400 

Sand-rook 424 

Water-rock (20 gallons per minute) . 431 
Sand-rock 467 



No. 176. Cost. 1559.13. Casing of 3^ inch is down 300 feet, of 2^ inch to bottom. 
Th« latter ptojects 15 feet into tbe 3i-inch pipe. The bottom 80 feet is perforated to 
admit the now. The strata passed through were : 

Feet. 

Surface ^ 47 

Blue clay and sand-rock, alternately 242 

Water rock (no flow) 247 

Sand-rock 250 

Shale 258 

Sand-rock and coal 260 

Water-rook (3 gallons per minute) . . 265 

Sand-rock 300 

Clay 304 

Water-rock (5 gallons per minute) .. 306 

Clay 377 

Sand-rock 381 



Clay 

Water-rock (7 gallons per minute). . 

Clay 

Sand-rook 

Water-rock (10 gallons per minute). 

Sand-rock 

Coal 

Sand-rock 

Iron pyrites 

Sand -rock (water 16 gallons per min- 
ute) 

Clay 



Feet. 
. 390 
. 425 
. 430 
. 445 
450 
465 
465i 
469i 
470 

495 

500 



No. 179. Cost 11,092. Was flrst sunk to 378 feet ; then cleaned out and sunk to 525 
feet. Captain Campbell reports 31 gallons per minnte as flow. 

No. 181. Tomperatore 62^. Mayers reports the well as flowing 3 gallouB per minnte. 

No. 193. This well is tbe 6rst one put down in Douglass County, and secured the 
$200 premium offered by the county commissioners to the one who should flist find 
flowing water in the coanty. 

No. 194. About half-way between Acequia and Sedalia. 

From 80 feet water came to within 15 feet of the surface. The flow comes Arom 
l>etween 400 and 440. Mr. Kemp says there has been no decrease ; if anything, the 
flow is stronger. 

'' It irrigates the house-yard, about 300 trees, and vegetable garden; in all about 
two acres. It has given the best, or as good, results for irrigation as any well in the 
State for its flow. This is due to the water being carried in pipes to almost the exaet 
spot where it is to be used. If it were left to run in an open ditch in a dry timo it 
would not get 100 feet from the well." 
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K9. 196. Caaed 100 feet with 4-iDoh pipe, the remainder with 2i-inch. Is pumped 
by a windmill into a 75^ barrel tank. Is nsed for irrigating town lots. Water conies 
to 60 feet of the surface. Pump is down 75 feet. Suppij large. 

No. 196. Cased with 5 and 3 inch pipe. Water rises to 50 feet of surface. Pumped. 
Supplies railroad needs. 

No. 197. On West Plum Creek, 5 miles south of Sedalia, probably section 36. The 
most southerly flowing well in the Denver Basin. 

Well was snnk for coal, oil, iron, or gas. 

Tbe lecord is as follows : 



Black adobe 

Liquid cl»y 

Omglomente 

Siveraand 

White cUy 

Clayaoci aaiiid. 

HeaTy oonclomerate 

Green ahale 

Telloiraaiid 

Clay and aand 

Yellow aand 

Brown olay and sand^ 

Brown aand 

White ol«y 

Brown aaod 

Sand mixed with iron ow . . . 

Sand and STATel.. 

Lava aana (water 12 gallons 

per minute) 

white clay 

Green shale 



Thick, 
neaa. 


Depth. 


FeeL 


F«^ 


10 


10 


4 


14 


40 


64 


10 


04 


5 


69 


4 


73 


5 


78 


6 


83 





80 


37 


126 


5 


188 


20 


168 


3 


165 


8 


166 


16 


173 


5 


178 


80 


208 


10 


218 


6 


228 


10 


283 



Brown olay with aand 

Brown aand 

Brown clay y 

Hard brown aand 

Mineral paint 

Hani brown sand 

Wliiu- clay 

Hmd sand 

Clay and Hand 

White Band 

Gray sand 

Quarts nand 

Clay and aand 

Greasy olay 

Oil aand 

Clay and aand mixed 

Clay and aand alternately.. 

Oil sand 

Clay 

Clay and sand alteinitely .. 



Thick- 
neaa. 


Depth. 


iVet. 


Feet 


6 


238 


18 


251 


1 


252 


10 


262 


1 


26:{ 


20 


283 


15 


208 


5 


303 


70 


373 


20 


303 


16 


408 


10 


427 


46 


472 


2 


474 


2 


470 


H 


478| 


40 


818( 


2 


6201 


7 


527 


68 


680} 



Clay, sand, and shale alternately. Some iron ore at 595 feet. 

Between 735 feet and 850 feet there are ahout 80 feet of good iron ore (magnetic 
oxide) running about 40 percent, iron. 

A few layers of iron pyrites. 

There were two lines of casing used in this well and two liners. 

Depth of well about 1,500 feet. It was never actually measured. 

This well was sunk by A. P. Swilzer, Denver, Colo., in 18H7. • 

No. 198. At first the water came to 24 feet of surface. Now 50 feet. Cost was 
$1,300. The strata were— 

Feet. 

Surface and sandstone to 100 

Rock 150 

Clay 412 

White sandstone (water) 462 



JbVet- 
Gray rock with hard blue streaks. .. 562 

Band and gravel 600 

Black slate 700 

Clay, etc .* 900 



No. 199. Cost 91,200. Located close to Arvada. " Elevation too high for flow.'' 
Water stands at 60 feet from the surface. Supply never tested except with the 
drilling -pomp, which failed to lower the water. 

On section 17, on the divide between Clear and Ralston Creeks, two wells were 
sunk, one to 650 feet. Water came to 50 feet of surface. 

No. 200. Cost $2:^. Contracted the drilling for 50 cents per foot. 

No. 201. Water flows only about 1 gallon per hour. Is strongly impregnated with 
sulphur and iron. Mr. Mayers reports that it frequently turns black in the pitcher, 
again turning clear. 

No. 202. The price paid for drilling was $1 per foot for first 100 feet, 25 cents for 
each 100 feet ; 2- inch oore. Total cost, 9800. The strata were— 



Strata. 



Drift 

8hale 

Goal 

Shale 

f;«il 

Black ahale 
Ceal 



Thick- 
neaa. 



Depth. 



Feet. 


FeeL 


30 




18 


64 


1 


55 


12 


67 


16 




84 


(t) 





Strata. 



ladorated clay.... 

Sandalate 

iTon 

Shale 

Coal 

Clay 

Sandatone and olay 



Thick, 
neaa. 



FeH. 



C) 



12 
41 

3 
25 

5 
26 



Depth. 



Feet 



C) 



07 
138 
141 
160 
ITl 
196 



Binebes. 



tlOiaohefp 



I First flow of water. 
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There is another flowing well near by. • 

In seotion 30, township 3 north, range A9 west, near Longroont, is a well 250 feet 
deep, 2i inches in diameter, which has a flow of alkali water from 25 feet so strong 
that cattle do not like it. 

At Hygiene, west of Longmont, J. W. Qoss sunk a well 965 feet deep. The forma- 
tions passed through were — 



Strata. 



Surface and soup-atone. 

Coarse sand-rock 

Slate 

Fine white 8and*rock . . 

Shale 

Sand-rook 

Fire-clay 

Coal (supposed) 

Band*rock (oil-bearing) . 



Thick, 
ness. 



Feet, 



17 

38 

80 

30 

80 

8 

2 

4 

80 



Depth. 



Feet. 
17 
60 
130 
160 
190 
198 
200 
204 
284 



Strata. 



Shale 

Ssnd-rock 

Fire-clay 

Sand-rook and coal 

Sand-rock 

Fire-clay 

Coal 

Ssnd-rock (bearing oil) 



Thick, 
ness. 



FwL 

132 

26 

2 

80 

85 

2 

14 

SOO 



Depth. 



Fmt 



416 
442 
444 
W4 
f» 
501 
005 
905 



The water flowed from 675, hnt soon ceased, supposed to be due to gas. 

No. 203. Some 16 miles east of Denver, and some lower, bored with a diamond*core 
drill: 

Feet 

Clay 12 

Soap-stone, with thin streaks of coal 98 

Sandstone 112 

Soap-stone 121 

Sandstone 133 

Soap-stone 147 

Soap-stone, thin streaks of coai 158 

Coal, streaks of shale 173 

Soap-stone, streaks of coal 220 

Sandstone • 241 

Sandstone, seams of coal 256 

Soap-stone 260 



Fflft 

Coal, some shale 267 

Soap-stone 271 

Sandstone 2SKJ 

Soap-stone, some coal :<2l 

Sandstone :)61 

Soap-stone 380 

Sandstone 390 

Soap-stone, shale, thin seams of coal 4()5 

Shales 700 

Hard gray rook 702 

Shales oOOJ 



United States Signal- Service offloe, Denver^ Colo. 
[Precipitation at DenTor, Colo., December 1, 1871, to May 31, 1800. J 



Year. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jane. 


July. 


Aug. 


Sept. 


Oct. 


Kov. 


Deo. 

0.51 
0.29 
0.58 
0.17 
0. SO 


Total 

yearly. 


1871 


1 




















1872 


0.55 
0.13 
0.84 
0.38 
0.21 
1.90 
0.10 
0.40 
0.38 
0. 50 
0.67 
2.35 
0.22 
0.41 
0.62 
0.67 
0.1! 
0.50 
0.18 


0.22 
0.24 
0.53 
0.60 
0.11 
0.40 
0.48 
0.30 
0.32 
1.22 
0.20 
0.45 
0.86 
0.75 
0.72 
O.JfO 
0.37 
0.70 
0.46 


1.71 
0.22 
0.49 
0.39 


2.00 
2.43 
1.70 
2.24 


8.74 
0.75 
2.43 
1.04 
8.57 
2.30 
2.00 
a 36 
1.11 
2.21 
2.08 
4.30 
4.61 
2.13 
0.09 
1.13 
2.66 
3.44 
2.01 


2.07 
2.24 
1.21 
0.43 
1.10 
1.03 
2.78 
0.32 
1.22 
0.00 
4.06 
0.85 
1.47 
0.66 
2.26 
0.53 
0.29 
1.88 


2.60 
2.00 
3.35 
4.12 
1.16 
0.33 
1.38 
0.64 
1.88 
2.50 
0.66 
2.27 
0.65 
1.8? 
0.50 
2.40 
0.41 
2.04 


1.65 
L41 
0.68 
1.07 
2.08 
1.30 
2.25 
1.38 
1.46 
2.33 
1.20 
0.75 
1.71 
1.18 
1.62 
2.68 
1.51 
0.83 


1.67 
0.89 
1.34 
2.80 


0.68 
0.73 
0.64 
0.22 


0.60 
0.16 
0.08 
1.28 


17 05 


1878 ; 


11.73 


1874 


13.46 


1875 


17.06 


1876 


1.80 : l-?2 


0.60 1 0.12 
0.38 2.15 
1.23 ' 0.80 


1.60 ; 1.70 
0. 73 1 0. 70 
0.67 1.05 
0.21 j oaa 


20.12 


1877 

lg78 


1.40 
1.82 
1.00 
0.21 
0.87 
0.20 
0.21 
0.03 
0.07 
2.36 
0.23 
1.15 
0.40 
0.35 


2.77 
0.05 
2.62 
0.31 
0.50 
1.47 
3.10 
8.33 
4.04 
2.70 
2.16 
1.71 
1.34 
2.50 


16.38 
15 51 


1879 


0.02 
0.80 
0.57 
0.06 
1.08 
0.13 
1.22 
0.08 
0.97 
0.11 
0.28 


0.10 
1.37 
0.32 
0.75 
1.40 
0.21 
0.73 
0.33 
0.07 
0.77 
2.11 


10.86 


1880 

1881 

1882 

1883 

1884 


0.83 
1.68 
0.71 
0.32 
0.10 
0.55 
1.03 
0.22 
0.33 


0.10 
OlOO 
0.73 
2.82 
0.76 
1.08 
0.87 
0.14 
' 0.00 


0.56 
12.79 
14.49 
19. 4t 
15.07 


1885 


15.95 


1886 

1887 

1888 


15.07 

12.40 

9.51 


1880 

1800 


0.53 1 0.30 


14:5 














1 




ToUl 

Normal ... 


11.02 
0.58 


0.32 
0.40 


16.71 
0.88 


30.27 
2.07 


52.66 
2.77 


26.29 
1.46 


30.80 
1.71 


27.44 
1.52 


16.21 
0.84 


14.58 
0.81 


12.61 
•0.70 


12.35 
0.65 


26?. -5 
14.57 



THE GBEELEY BASIN. 

ft 

The Greeley Basiu Is very different in character from the Denver 
Basin. As far as the borings have gone, and th^y have penetrated 240 
feet, the formation is entirely blae shale, with occasional seams of sand- 
rock. 
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LIMITS. 

The basin joins the Denver Basin on the north and includes the South 
Platte Biver and its tribataries with certain limitations, from Platteville 
to some point, as yet undetermined, a short distance below Greeley. 

From Platteville the boundary between the Denver and Greeley Basins 
seems to extend northwesterly across the lines of drainage to the foot- 
hills. On the west the basin is bounded by the foot-hills, the shale 
passed through by these borings coming to the surface and forming 
the plains at the base of the foot-hills. Sandstone of formation below 
the shale constitutes the foot-hills themselves. The basin then includes 
port ions of Larimer and of Weld Counties, and portions of several of the 
districts established b^^the State legislature for administration of water, 
viz, portions of water districts Nos. 2, 3, 4, 5. A large portion of this 
subdistrict is well supplied with irrrgation canals, and having good 
streams from the mountains, it is not profitable to expend a large 
amount upon subterranean water for irrigation purposes. 

The eastern portion of the district, however, has need of good water 
for domestic purposes, especially in the periods of low water in the 
streams. It is to supply this domestic water that the wells in this dis- 
trict have been sunk. 

NUMBKR OF WKLLS. 

In this basin 12, or counting Stout, 13 wells have been sunk; 8 are in 
Greeley; 1 at Evans, 4 miles south of Greeley ; 1 in Eaton, 8 miles north ; 
1 near Windsor, 12 miles west ; 1 in Loveland, 20 miles south of west, 
and about 4 miles from the foot-hills. The one at Stout is to the west of 
the Greeley Basin in the sandstone beneath the shale. 

Of these, all are flowing wells except the one at Eaton and the one 
at Windsor. 

The flow is nearly the same &om each well in the basin, from 1 to 1} 
gallons per minute. The water is of a character desirable for domestic 
use, but is injurious to vegetation, and therefore undesirable for irri- 
gation. With the water is a small flow of illuminating gas, in sufficient 
quantities at Loveland to maintain a constant flame. Though this 
seems to be a true basin it is doubtful if the flow observed is genuine 
artesian. The hydrocarbon gas present is subject to a pressure equiv- 
alent to a column of water 116 feet high or to a pressure of 500 pounds 
per square inch. This great pressure would cause a large amount to 
be held in solution. With the less pressure to which the water in the 
upper portion of the tube is subjected, some of this gas in solution will 
be given ofi', and gas not dissolved will expand in proportion as the 
pressure is removed. The consequence will be that a flow of water will 
be caused due to the expansion of the gas. 

THE GREELEY WELLS 

Are 8 in number and are of the same character; they pass through the 
same strata, and have the same flow and cost about the same. 

The foUowing facts were obtained principally from a letter by Dr. G. 
Law, of Greeley : 

There are 8 artesian wells in the town of Greeley, 1 owned by the city of Greeley, 
1 by the proprietor of the Oasis Hotel, 6 by as many different corporations of citizens. 
The City Well was ,the first one bored, in 18^3, and beiuji: an experiment was ex- 
pensive, costing in the aggregate nearly SlO,000. Starting from the surface, 4 feet of 
floil, 31 feet of almost pure sand and gravel, 1,125 feet of blnish-gray shale, 40 feet of 
soft grayish sandstone. When this sandstone was struck a very powerful odor of 

S. Ex. 22 14 
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rancid fish-oil and a small flow of illnminating gas, together with a small amonnt of 
a dark thick tarry oil having a fishy taste^ somble in ether and saponlfiable when 
boiled with the canstid alkalies. 

When the 40 feet of sandstone was bored through water flowed to the amonnt of 
2,000 gallons during the twenty-four hours. Tested by its capacitor to dissolve soap 
it is very soft. The city council sent a sample to Ann Arbor, Mich., and had it 
properly analyzed. The analysis showed that a gallon contained 89 grains of soiidi, 
principally bicarbonate of sodium and common salt. 

This water wae found to be a desirable one for domestic purposes. In the hope of 
obtaining a better supply the sinking of the well wae continued until a depth of 
2,2t>0 feet, through substantially the same bluish gray shale, but no additional flow 
of water wae obtained. The only difference in this lower shale from that above the 
water-bearing sand was its constant impregnation with the fish-like oil above de- 
scribed and an increase in the amount of inflammable gas emitted. 

The work of sinking was stopped because of the expense incurred. The 1,060 feet 
below the water-flow was tilled up with gravel and the well properly cased and 
packed to exclude the surface water down to the bottom of the water-bearing sand- 
stone, and now fives a flow of 2,000 gallons per twenty-four hours. The seven wells 
bored afterward were all sunk 1,200 feet only, and all obtained substantially the 
same water as to quality and amount. 

Mr. Hunter, the owner of the Oasis well, found the flow from his well to be en- 
tirely inadequate for his purposes. Hence he put down a pump, operated by steam- 
power, with the workiug-barrel 800 feet from the surface, and commenced to raise 
from 400 to 500 barrels of water per day. In less than a week this stopped the flow 
of all the wells. The city put down a hand-pump in its well and with the workiDg- 
barrel 75 feet deep, which has been in use ever since, and yields more water than the 
natural flow ever aid. Company No. 2 put in a hand-pump, which gives for two days' 
pumping by one man a week's supply of water to twenty-nve families for honsehold 
and domestic use. At the present the Oasis pumps by steam-power all the water 
they want — usually about 400 barrels per day. 

Noe. 3 and 4 hire power from the city water- works and pump by means of a wat^^r- 
motor. No. 6 uses a wind-mill, with elevated tank. Nos. 2 and 5 have connected 
their pipes and jointly pump No. 5 well by a water -motor actuated by water taken 
from tne city mains. 

The city well and No. 2 are 8-inch holes ; No. 1 was a 5-inch hole, and was spoiled 
by exploding a torpedo of nitro-glycerine in the sandstone in the hope of improving 
the flow, and was abandoned. All the others are 6-inch holes. The 8-inch wells did 
not give an appreciably larger flow than the 6-inch. 

* The average cost of all'the wells, after the experimental one by the city, was, when 
completed, about $2,500. 

The EvaDS well was likewise put down by the town. No record 
conld be obtained of it, bat the contractor, who also bored the Greeley 
wells^ says that it is a duplicate of them, except that it strack the water 
stratum at l^^^^ feet. As Greeley and Evans are at the same elevation, 
this indicates a dip to the north of about 8 feet to the mile. 

The Loveland well was sunk in 1885 for the purpose of procuring 
water for domestic purposes for the town. Money was raised by 
bonds— $10,000 in all. Interest is still being paid on $8,000. Water 
was obtained at 1,340 feet, about 3^ gallons per minute. Hoping to 
get a better supply the well was extended to 2,465 feet, but unsuc- 
cessfully. The formations passed through are as follows : 



strata. 



Claiy and gnvel 

Blaefibale 

Saudstone 

BlneRbale 

SaDdfitone 

Blae shale 



Thick- 
ness. 


Depth. 


Feet 


Feet, 


40 


40 


395 


435 


25 


400 


640 


1.100 


30 


1,130 


210 


1,840 



Strata. 



Sandstone (flowing water and 

K») 

Blue shale 

Sandstone 

Blue shale 

Black sandstone (orade oU) . . 
Blae shale 




ABTESIAN WEUiS. 211 

Water is obtained at Loveland at 180 feet greater depth than at 
Greeley. LovelaDd has 335 feet greater elevation, consequently the 
water-bearing stratam is about 155 feet lower at Greeley than at Love- 
land; or, as the distance is about 20 miles, the dip is between 7 and 8 
feet to Uie mile, to the north of east. Near Windsor, which is half- 
way between Greeley and the foot hills, B. Loveland sunk a well in 1887 
to a depth of 350 feet, at a cost of $580. Water in considerable quantity, 
which came to within 10 feet of the surface, was struck at 60 feet. 
This was very hard and was cased off. Water was again struck in 
sandstone at 250 to 350 feet, which rises to within 18 feet of the surface. 
The quantity is small, but is as soft as rain-water. 

Eaton is nearly 200 feet above Greeley. The well sunk there by 
Governor Eaton struck water in great quantity and of remarkable 
purity at a depth of about 230 to 260 feet, which came to within 20 feet 
of the surface. The water is of different quality, and comes from a 
formation above that of Greeley. More water was found at about 400 
and at 625 feet. The boring was continued to 970 feet. No success 
has attended the efforts to get a copy of the record of this well. The 
depths above given were furnished by the contractor. 

At Platteville. on the southern limit of the basin, Mr. Hopkins, in 
sinking a coal shaft, cut a large underground supply of water. 

At Uie same place, 1^ miles southeast of line, an underground stream 
of water was bored into in 1868 at a depth of about 30 feet. The 
width of the stream is unknown. It has a depth of 4^ feet. It flows 
to the northwest with a strong current, which makes a perceptible 
noise at the surface. 

Stout is properly outside of the Greeley basin, but it is very close to 
thQ border and may be considered here. It is just within the first 
range of foot-hills, and is in the sandstones which underlie the thick 
shales of the Greeley basin. The well was sunk by the Union Pacific 
Kailway, which owns extensive quarries at that point, principally as a 
prospect hole. The boring is almost entirely in sandstone of varying 
qualities for the full depth of 1,225 feet. At 922 feet water was en- 
countered, flowing 40 gallons per hour. This increased in quantity 
until at 1,000 feet the flow was doubled. The pressure is sufficient to 
raise the water some 30 feet. 

The water carries some 150 grains of solids to the gallon — ^too much 
to render it fit for boiler use. 

THE LOWER PLATTE. 

This subdistrict includes the Platte Valley from the vicinity of 
Greeley to the limit of the division, t. «., to the one hundred and third 
meridian. 

This subdistrict therefore includes portions of the counties of Weld, 
Morgan, Washington, and Logan, and of water districts Nos. 1 and 67.* 

The Platte which furnishes the water for this region, is a stream, es- 
pecially at the lower portion of this district, presenting more stretches 
of sand than water for the greater part of the year. 

But while invisible at the surface, water is always present in the sand. 
Settlements are conQned almost exclusively to the vicinity of the river. 
Little attempt has been made to go out upon the uplands, where water 
18 found at moderate depths. But one or two attempts have been made 
to find flowing wells, or to sink deep ones. 

Farming is carried on exclusively by irrigation where water can be 
bad. There are several flourishing communities at Fort Morgan and 
Sterling along the river. 
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Starting near Greeley and descending the river the principal ditches 
we meet in order are the Kiowa and Bijoa; the Weldon Valley; the 
Fort Morgan; the Platte and Beaver; the Platte and Beaver Supply; 
the Pawnee ; the Sterling No. 1; the Iliff, each from 15 to 5S feet wide, 
and from 5 to 50 miles long. There are numerous sm^er ditcher 
These are subject to scarcity of water in most seasons, but are frequently 
aided by floods coming down from the divide through the dry stream 
beds. 

At Sterling the town attempted to sink a well in the spring of 1890, 
but on account of trouble with the contractor the well is at a standstill 
The reports received ar§ very conflicting. Blue slate or shale was 
strack at 85 feet. Water rose to 2 feet of the surface. This water is 
soft and abundant, and carries 24 grains solids to the gallon, while the 
surface wells have 72. 

At £[eota, on the Cheyenne line of the Burlington and Missouri Bail- 
road, water is obtained from a well 148 feet deep. It is found in a layer 
of sandstone 20 feet thick, which was struck after passing through 
magnesia rock and blue clay principally. 

At Orover, water is struck in quicksand at a depth of 78 feet below 
the surfjEuse. 

PUEBLO AND FLORENCE. 

These two districts are for convenience put together, although the 
characteristics are different. This subdistrict includes the Arkansas 
River and its tributaries (save the Fontaine qui Bouiile) from Canon 
City to Pueblo. The former is almost jrithin the mountains. The sub- 
district is about 40 miles long. It includes a portion of Pueblo and of 
Fremont Oounties. 

This district includes the oil region of Florence, which supplies most, 
if not all, of the oil used in the Kocky Mountain region. 

Oil was obtained in the early mining times from a shallow shaft on 
Oil Greek. It was in the hope of striking the oil flow that all the wells, 
with few exceptions, in this subdistrict were sunk. Clark's well was 
bored at Pueblo in 1879, and his was the first in the state to strike 
flowing water. 

There are now eight wells at Pueblo — one abandoned — flowing from 
1 to 80 gallons per minute, averaging about 20. 

Near Florence there are four known as flowing wells. At a low 
estimate there are a hundred oil wells. From one point I counted 
thirty-seven derricks through the trees. Of these wells, many strack 
flowing water, but cased it off. Of the few whose flow is known, the 
flow averages nearly 200 gallons per minute. This is, undoubtedly, 
above the average, as these include the exceptional ones whose flow 
was noteworthy. 

The Pueblo wells are used for domestic and medicinal purposes. 
The water of each has individual characteristics, as the analyses show. 
Bath-houses are erected in connection with three wells. A business 
is made of shipping the waters of one well. 

The waters of the Florence wells run to waste. 

The Pueblo deep wells are strongly impregnated with iron, the shal- 
lower wells with soda, though in either case not sufficiently to be un- 
palatable. In neither Florence or Pueblo is the water likely to prove 
of importance to irrigation. At Pueblo the flow is too deep and too 
small; at Florence, while the flow is greater, the cost is still relatively 
greater. 
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PUEBLO. 

The Clark miBeral spring well was the first well in Colorado to 
strike flowing water. It is located in Soath Paeblo, in the river bot- 
tom. It was begun by O. E. Clark, a Pennsylvania oil man, in search 
for oiL The well was began in 1879 ^ water was found January 1, 
It^. The total depth is 1,412 feet; the water comes from 1,166 feet. 
Jo June, 1881, the pressure was 60 pounds per square inch, the flow 
126,000 gallons per day. The proprietor claims no change in flow since 
then. 

The water of this well is used for bathing and medicinal purposes, 
it being claimed that it has curative effects on various diseases, In- 
cluding diabetes. It is said the water contains bicarbonate of sodium, 
sulphite of sodium, sulphate of magnesia, manganese, potassium, sul- 
phuric acid, arsenious acid, iron, etc. 

The strata of this well represent the formation of this region • 
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* Mineral water in red rock. 

The well of the Colorado Goal and Iron Company is on the mesa 
south of the Clark well and is some 100 feet higher. Mr. de Schwein- 
itz, of this company, states that, allowingfor the difference of elevation, 
the strata are almost identically the same as in the Clark well. This 
well is sunk to 1,260 feet and secures a flow of from 20 to 25 gallons 
per minute, which does not seem to have materially changed. At 
present the water runs to waste, though it supplies water for domestic 
use to the vicinity and to a neighboring smelter. 

The Mineral Park well, also on the mesa, was sunk in 1881. The 
depth is doubtful, but is reported to be 1,150. The flow on June 2 was 
3 gallons per minute, used for bathing. 

The Columbia Heights well, section 9, township 21 south, range 65 
west, was sunk in 1887 by a suburban company tor domestic purposes. 
Total depth 789 feet. A small flow was struck at 516 ; the second flow 
was reached at 779 feet. The two flows combined yield about 8 gallons 
per minute. The strata passed through are the following : 
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Caaed 882 feet with 6f inch casing. 
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The water has a trace of soda. It is* ruiming to waste. 

The well of G. H. Small on section 17, not far from the last^ was 
sank 772 ieet in 1888, securing a flow of 2^ gallons per minute. It is 
now being sunk to 1,200 feet to secure a larger flow. 

The strata are as follows : 
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The Fariss House well is situated in Pueblo, north of the river, in 
block 58. It is said to be 1,400 feet deep! Its pressure when struck 
was 60 pounds per square inch. The water is mineral, but, like all the 
waters of the Pueblo wells, is very agreeable to the taste. It is con- 
nected with a bath-house as well as with the hoteL All pipes were 
shut off, and the whole flow, as measured in a bucket, June 2, 1890, 
was 13 gallons per minute. 

The analysis is given later. 

The North Pueblo Heights well, put down by a suburban company, 
was sunk 1,820 feet, striking small flows at 1,200 feet and at the bottom. 
This well is north of Pueblo on section 12, township 20 south, range 65 
west. It was not visited, but reports were that the flow was about 1^ 
gadlons per minute. 

A well, known sometimes as McLeans, was sunk 9 miles west of the 
town and 4 miles south of the river, on Bogg's Flat. The well was 
abandoned, as oil was not found. Little information could be found. 
J. T. Drake, present owner, recalls that the driller reported water 
several times. 

FLORRNCE. 

One well belonging to the Consolidated Oil arid Land Company was 
sunk in 1884 in section 13, township 19 south) range 69 west, to a depth 
of 780 feet. The strata, as given from recollection, were 3 feet of wash, 
13 of sand ; then alternate streaks of sand, limestone, gypsum,- and 
slate to 425 feet ; then 300 feet slate ; gas at 725 ; warm soda water at 
730 ; then gneiss and granite. The flow was 1 gallon pet* minute. 

On section 14 of the same township the Florence Oil Company struck 
a flow of soda water at about 1,000 feet. The flow is between 400 and 
500 gallons per minute. This flow the drillers did not succeed in casing 
off, so the well was abandoned. Another was sunk 150 yards distant, 
which struck a flow of less strength. The water is about 90 degrees 
temperature, strongly impregnated with iron and soda« 

, The Canon City Oil Company's well !No. 1, section 23, township 18 
south, range 78 west, was sunk in 1883. The whole depth was 1,600 
feet. Flowing water was found at 280, at 699, and 1,150 ; at the latter 
depth it was the strongest. The flow seems to have been from 400 to 
500 gallons per minute. The pressure was sufficient to cause the water 
to stand nearly 100 feet above the surface. The well was abandoned. 

The following is an extract from an article by Judge Felton, pub- 
lished at the time : 

We had heard that there was quite a flow of warm water, hat had not compre- 
hended the magnitude of it. The hole of the well is 8 inches in diameter and the 
water was pouring out with such force as to hring up with it, from a depth of 1,220 
feet helow, stones weighing from 2 to 4 ounces each. The water flowing onto tiie 
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leYel land near the derrick, covered a lar^ tract of land and as it went on formed 
into seYeral small screams and thns flowed into Oil Creek. The water, if all together, 
wonld make qaite a good sized creek. ** 

We took a thermometer with as and fonnd that the water stood at 90^. There is 
some iron in the water, as is evident from the iron stain produced wherever it rons. 
The flow of water, as calculated by men at the well, is 100 gallons per minute. 

At a depth of aoont 400 feet a vein of flowing sulphur water was struck. That 
was cased off and another 400 feet sunk when another vein of water was Btraok,and 
then between 1,100 and 1,200 feet this vein was tapped. 

The formation is reported to be as follows: 
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Flow of water almoat ancontroUable. 



On attempting to extract the casing at the etid of a few months it 
was foand to be so eaten as to be worthless. Dr. Drake says that grass 
keeps green the whole winter from the moisture caused by waste of this 
well. 

Directly north of Gafion Oity the State penitentiary in running a 
tannel for an irrigation canal struck a heavy flow of water, quantity 
nnknown, in the sand-rock. 

Judge Fulton reports soda springs, both hot and cold, in that vicinity. 

Mr. Meredith, of Bye, L'olo., writes : 

I am not able to eiye yon the iDformation that yoa request in the inclosed ciroalar, 
from the faet that there has not been any artesian wells sunk in the western part of 
Pneblo County. There are nnmerons qnite lar^ springs near the foot of Green- 
horn Monntain, with several small streams of water ronuing out of the monntain. 
The largest of these is the Greenhorn Creek ; second, Grenaros ; and Muddy, with dif- 
ferent branches of the St. Cliarles. Further north the Greenhorn Mountain rises to 
an altitude of 10,000 feet. On top of the mountain there are several lakes of water 
and thousands of acres of swampy land. It has always been my impression that ar- 
tesian water could be struck at a reasonable depth that would give large flows of 
water. Individual farmers can not afford to experiment, but if provisiDU could be 
made for sinking an experimental well somewhere near the foot of the monntain the 
farmers would then know whether they could stand the expense or not. The creeks 
named famish water to irrigate to any great extent only while the snow lasts. 

THE LOWER ARKANSAS. 

This sabdistrict includes the Arkansas Valley from Pueblo to the 
limits of the division, including portions of Pueblo, Otero, and Brent 
Counties. 

This district is comparatively little settled. Rocky Ford may be 
considered as the only agricultural community of any age. Oauals in 
this valley are all, with the exception of a few minor ones, of recent 
construction; but at present development of this charpcter is being 
tapidly pushed forward. Several large canals on each side of the river 
are being constructed. 

FLOWmO WELLS. 

There are no flowing wells in this subdistrict, and only one attempt, 
which was the unsuccessful one made by the Government, near Fort 
Lyon. This well was sunk to a depth of nearly 800 feet. 
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At Goolid^e, Eans., there is a group of wells, some of tbem inside 
the Oolorado line, but outside the divisiou aasigned me* Water is ob- 
tained here at a depth of about 300 feet. Father west, Mr. Koen, of 
Lamar, is at present sinking two wells, one of which at lai^ report was 
down 100 feet. 

THE DIVIDE. 

This sub-district includes the divide between the Platte and the 
Arkansas Eivers, embracing the counties of Elbert and Lincoln and 
portions of Douglass, El Paso, Weld, Morgan, Washington, Arapahoe, 
Kit Carson, Gheyenue, Kiowa, < >tero, and Pueblo. 

The elevation varies from 7,000 to 4,000. Passing from north to 
south on the one hundred and fourth meridian, the center of this dis- 
trict, the rise is from 4,300 on the Platte to about 6,200 feet at the 
summit 80 miles south, and it then descends to 4,400 feet in the valley 
of the Arkansas. 

From east to west, following the highest ridge, the rise is from 5,000 
feet at the 103rd meridian to over 6,200 at the 104th, and 7,300 at abont 
104^ 30^. The portion near the mountain is much broken. Except in 
the valley of the Fountain there is no agriculture to speak of in this 
area. Some of the small creeks near the mountains furnish water for 
irrigation. On the divide itself, as at Easton and the northeastern 
part of El Paso County and the western part of Elbert, fair yields of 
some crops are secured without irrigation, and the area compared with 
the whole area under consideration is insignificant. There are few set- 
tlers. The streams, which are frequently perennial at or near their 
head, soon disappear in the sands, and appear only as an oleated pool or 
stretches of running water, if they appear at all. Three deep wells have 
been sunk in this area, one at Colorado Springs, one at Calhan, near 
the summit of the Rock Island Eailroad, one at Akron, Washington 
County, one at Scranton, Arapahoe County, on the borders of the Den- 
ver Basin. The Colorado Springs well was snnk in 1885 to a depth of 
1,120 feet. No water was found below the surface water, which was at 
the level of the Fountain. The first 65 feet consisted of sand and gravel, 
the lower 35 of this being filled with surface water. The rest was blue 
shale without interruption. Above 600 the shale stands atmospheric 
influences, while below it does not. 

Record of well at Calhan, Colo., 1888-*S9. 
[Record farnifthed by W. R. McFarlin, of the Chioago, Kansas and Nebraska Railroad.] 
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Micaceons sand shale: one- 
half inch coal at 360 feet . . . 

Soapstone 

Micaceous sand shale 

False coal 

Poorcoa^ 

Clay sfaflkle and soapstone.... 

Sandy false coal 

Poor coal 

Micaceous sand shale, with 
some clay shale 

Sandy &lse coal 

Dark clay shale 

Mixed saiiid and day shale. . . 



Thick- 


ness. 


Feet 


1.03 


23.07 


54.09 


16 


2 


1 


45.05 


4 


2.06 


69.01 


6.01 


4.00 


0.06 



Depth. 



Feet. 
837.09 

SOL 04 
416.01 
438.01 
434.01 
435.01 
480.06 
484.06 
487 

546.01 
651.00 
596u06 
566 



\ 
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At Scranton, sec. 16, T. 3 S., R. 66 W., the well was sunk to 800 feet 
6 inches in prospecting tor coal. jS'o flowing water was strack. Other 
water was not rei)orte(l. The formation consists of soapstone, sand- 
stone, shale, and streaks of coal to the full depth. 

At Akron a well was put down by the Government. Water in fair 
quantity was found at 1,155 feet, which came to within 55 feet of the 
surface. The Burlington and Missouri Eailroad Company secure water 
at the same place from sand at a depth of about from 75 to 84 feet. 
This is from a dug well of about 100 feet deep, and gives about 1,000 
gallons of water per hour. 

At Otis, 12 or 15 miles east of Akron, a boring was made to 2,400 
feet, but without finding flowing water. 

The following is the record : 

Feet 

Surface Oto' 206 

Shale mixed Ayith sandy shale 206 to 1,400 

Shale or jointed clay 1,400 to 1,500 

Shale 1,500 to 2, 000 

Shale mixed with fine sandy shale 2, 000 to •<>, 200 

Shale, some harder 2, 200 to 2. 400 

The strata was about level, and when the cores were taken out they 
split in pieces, making cylindrical pieces about the thickness of a silver 
dollar, almost perfect ; no water. 

At the same place the Burlington and Missouri Bailroad gets water 
from a dug well about 100 feet deep. The supply is quite large, though 
it has never been .tested. 

At Corona sufficient water is found for railroad purposes at from 65 
to 70 feet. 

At Barr the Burlington and Missouri Bailroad Company dug a well 
125 feet deep and bored down 100 feet farther, making a depth of 225 
feet in all. The water flows into the bottom of the well in quite large 
quantities. 

THE WATER SUPPLY ALONG THB LINE OP THE MISSOURI PACIFIC, 

EAST ^EOM PUEBLO, IN COLORADO. 

(From an interview with the Superintendent at Paeblo.] 

From Paltney to Arlington good water is not fonnd as far as has been tried, which 
has been only to depths of less than 40 feet. At Sheridan Lake a hole was bored 
1,400 feet deep. Water raises to within 400 feet of the surface. None of these wells 
but can be exhausted. The Arlington well yields about 50,000 gallons in twenty-four 
hoars, bnt most wells yield only about 20,000. 

The Galatea well yields only 4,000 or 5,000 gallons daily. One mile north, at a 
depth of 11 feet, so maoh water was strack by a man digging a well, that he had to 
stop. The experience of the Missouri Pacific is that weHs are better and shallower 
in Colorado than in Kansas. 

Horse Creek is dry where it is crossed by the Missouri Pacific. 

Adobe Creek at Arlington has never been known to be dry. It is the only ranning 
stream that the railroad crosses after leaving the Arkansas, until it reaches the Smolcy. 

The following are replies to inqnries in the northeastern counties of 
Colorado : 

J. Williams, of Yuma, well-driller, reports : 

Arapahoe dmnty {eastern portion). The soil depth varies from 18 inches to 10 feet* 
In some places after passing through the soil one strikes magnesia or native lime, in 
others graTel. Yuma County soil varies near Ouray about 2 feet depth of loamy soil, 
somewhat mixed with sand, then a white chalky snbstance to the depth of 200 feet. 

Crossing southward over in to, Arapahoe County, '^ shale" is struck at a depth ot 
about 200 feet. Crossing over eastward into Dudley County, Nebraska, no water 
was found at a depth of 300 feet, but the workmen strack blue shale and stopped after 
getting 10 to 15 feet into it. 
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North of the towD of YMtna, abont 9 miles, there is a ffoodrioh top 8oil2to 4£Mt, 
then maj^nesia or native lime and strata of maene^ia and gravel alternating, aboat 
every 5 feet, a white chalky substance like marlS feet in thickness was strnok in sev- 
eral places. Water is foand at an average of 190 feet. 

At Eckley, a sandy loam section, I struck water at a depth of 34 feet in quickaand. 

In Dunn's addition, at Ynma, a loamy soil of 2 to 4 feet, depth at 165 feet, first sheet 
of water ; at lH^t second sheet of water was reached. 

In FhilHps County I passed through black gravelly soil and thin whitish gravel, 
with sand mixture, to 242 fbet, when water was found. Well was completed at 857 
feet. 

In Logan County, at 9 miles northeast of Rockland, limestone soil for about 5 feet, 
then magnesia intermixed with great lumps to depth of 40 feet, then alternating 
strata of magnesia and gravel, and sand of about 10 feet each to a depth of 195 feet, 
when water was reached. . 

He also reports that he never struck a point in eastern Colorado where he oonld 
not find water ; while he failed to do so in Nebraska and Kansas. There it mns in 
veins ; in Colorado it lies in sheets. He believes that as there is so great a variety 
in the strata here we may at some point strike artesian water. 

E. K. Green, Le Boy post-office. 

I know of no artesian well within 150 miles. My well is 3 feet in diameter and is 
at a depth of 141 feet, and curbed with pine board its whole length. I have abont 10 
feet of water and draw it with a hose and 22-gallon barrel. I think if I were to dig 
from 300 to 400 feet I shonld have flowing water. Last winter on cold mominga it 
emitted gas. 

THE BIYIBE SOUTH OF THE ARKANSAS BIYBB. 

This snbdistrict includes the portion of Colorado south of the Ar- 
kansas Biver. It includes portions of Las Animas^ Huerfano^ Pueblo, 
Otero, and Bent counties. 

The general slope is northeasterly. In the southwest the elevation 
reaches 7,000 feet, and from that the elevation varies to from 4,000 to 
4,700 along the Arkansas. No flowing wells have been struck in this 
subdistrict. Three attempts only have been made — one at Thatchers, 
Las Animas County, on the Atchison, Topeka and Santa F6 Bailway ; 
a second at Walseuburgh, Huerfano County, on the Denver and Hio 
Grande Bailway; the third about 10 miles southeast of the latter 
place, at Bouse Junction. Thatchers is in a valley possibly one-half 
mile wide, with bluffs on either side. The elevation is about 5,400 
feet. The well was sunk 900 feet. Water is found which rises 200 feet 
from the bottom. No information could be obtained of the formations 
passed through. 

The well at Walseuburgh was bored for oil to the depth of 1,250 feet. 
The formation was almost entirely shale. Salt water was struck, which 
came to within 40 feet of the surface. 

At Bouse Junction the boring was down 1,180 feet about the middle 
of May. Salt water was encountered at 1,100 feet, which filled up 500 
feet of the well. It was cased off, and the intention was to go deeper 
for good water. This well is being sunk by the Denver and Bio Grande 
Bailway Company. 

THE SAN LUIS VALLEY. 

The San Luis Valley or Park is the region of Colorado havins: the 
best and most easily developed supply of artesian water, in consequence 
of which the number of wells have gone into the thousands, and they 
are fast increasing. These wells are being used as a source of water 
for irrigation supply, so that while this area may be outside this investi- 
gation proper, a consideration of the artesian wells or conditions of the 
west would be incomplete without a study of those of the San Lois 
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Valley, whicb is similar in many conditions to other prospective basins 
in Colorado and New Mexico. 

The information is incomplete and is based on previous personal 
knowledge of that valley, supplemented by such correspondence as the 
time would allow. 

The San Luis Valley or Park in sonthern Colorado includes that por- 
tion ol the Eio Grande Valley which is in Colorado. It is at an eleva- 
tion of 7,500 feet, but is made a valley by the enormous mountain ranges 
which surround it. 

On the east the Sangre de Gristo range rises abruptly with almost 
no foot-hills to its full height of 14,500 feet. On the west are the moun- 
tains of the continental divide, containing the sources of the Rio 
Grande. These mountains rise to a less elevation and with less abrupt- 
ness than those of the east. To the south are rugged hills, some of 
lava, through which the Rio Grande breaks on its way to the Gulf. 

From north to south the valley is some 90 miles long, 45 from east to 
west. It has an area of about 4,000 square miles, an area as great as 
that of Connecticut. 

The greater part of the valley has evidently been sometime the bed 
of a lake. The valley is smooth as a floor, with so uniform a slope that 
the canals all follow the lines of Government surveys. The Prairie 
canal, for example, thus runs on a section linefor 26 miles. Near the 
mountains the land slopes each way from the Rio Grande, whose bed 
has been raised by the detritus brought down in floods. A similar 
fact is more noticeably true of the smaller streams. The raising of the 
bed has been largely aided by the fact that the smaller streams, some 
of considerable size, sink and disappear before proceeding far, fur- 
nishing probably a portion of the remarkable artesian supply of the 
valley. 

AGRICULTURB AND IliRIGATION. 

Notwithstanding the great elevation, agriculture is proving a suc- 
cess in the San Luis Valley. Wheat, oats, barley, peas and potatoes 
are raised with large yields. Surrounded as the valley is, on all sides 
by high monnt'ains, the clouds are stripped of moisture and the raiufiill 
is scanty. Irrigation is needed. The ease of constructing canals, the 
freedom from engineering difficulties, and the large supply of water in 
the Rio Grande has led to the development of the finest system of irri- 
gating canals in the west. The Rio Grande (formerly known as the 
Del Norte) canal is 65 feet wide on the bottom, nearly 100 on top, has 
a main channel 40 miles long, and with its laterals measures some 200 
miles. 

The Monte Vista or Citizens' Canal, on the south side of the river, is 
50 leet wide on the bottom. So is the Empire. The Prairie, the Farm- 
ers' Union, and the San Luis are not much smaller, and each measures 
from 30 to 60 miles of main channel. These canals are all from the Rio 
Grande. The Alamosa, the La Jara, the Conejos, the Saguache, and 
the San Luis furnish water for smaller systems of canals, but such is 
the extent of land that notwithstanding these systems and the large 
supply of water, there is much more land than there is water obtain- 
able from these sources. 

THE ARTESIAN ABBA. 

Conejos, in township 33 north, has not been successful in finding 
flowing water. But from Sanford, in the township north, to Saguache, 
in township 44 north, water is found in abundance and at moderate 
depths. The basin is roughly oval in shape. It is about 70 miles in 
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£:reat«st length north and south and aboat 30 milee in greatest breadth. 
There is some doubt about the last dimension. It includes some 45 
townships, consequently its area is about 1,600 square miles. 

NUMBER OF WBLUS. 

It is impossible to give a reliable estimate of the number of wells in 
this basin. Artesian wells are so numerous that they cease to attract 
more than a passing glance, and a reliable count would require a per- 
sonal visit to the homes of the farmers. It has been difficult to get any 
information, because of the fact that the wells were so numerous that 
correspondents dislike to attempt a description or to give a list which 
must necessarily be incomplete. Finding that a list of the wells coald 
not be procured, attempts were made to procure a list of the con- 
tnictors, hoping to get a partial list through them. 

Capt. C. A. Aldrich, editor of the Monte Vista Oraphic, replies : 

Artesian wells in the valley are so-nnmeroas, and the contractors saoh a multitndd, 
that it 18 a hopeless task to attempt to give anything lik« a list of either. 

The wells, evidently, are a great number. I saw literally hundreds in 
July, 1889, in the course of a drive over the system of canals of the valley, 
and since that time the number has more than doubled. W. H. Graves, 
0. E., superintendent of the two largest canal systems of the valley, 
says: 

Nearly every quarter section has a well, and some have several. 

S. E. !N"ewcomb, of La Jara, has 8 ; D. E. Newcomb, of the same place, 
17 ; U. H. Marsh, of Monte Vista, 8 ; the little town of Monte Vista 
has from eighty to one hundred. The Empire farm, of nine sections, 
near Alamosa, has 40 wells, and the Excelsior farm has still more. 
These are 3-inch wells. M. B. Colt, the general superintendent of these 
farms, as well as of the Empire and San Luis canals and well acquainted 
with a large portion of the valley, says : 

I will not attempt to say how many of these 3-inoh wells there are in this valley, 
bnt if I were going to make a guess at it, I shonld say there were at least 5,000. 

This estimate is probably too high. Of the 1,600 square miles which 
may be considered as constituting the area of this basin a considerable 
quantity is State land, and thousands of acres still unimproved and 
unsold belong to the canal companies. After allowing for this, it is still 
not improbable that the number is 2,000, possibly more. 

The greater number of the wells are of 2 or 3 inch bore; many are 
of only 1^ inch. The 2 deepest in the valley, at Alamosa, are 6-inch bore. 

DEPTHS. 

The few records at hand seem to indicate that the depth to first 
flow is less in the southern part of the basin than in the northern. At 
La Jara, in township 35 north, the first flow is found at from 56 to 60 
feet. Southeast of Alamosa 10 and also 20 miles it is found at 40 feet; 
at Monte Vista, at 105 feet; at Chritton's, township 39 north, at 158 
feet. From the flrst flow others are met at frequent intervals, some- 
times within 5 feet, sometimes not within 50 or more. The deeper flows 
are generally the stronger. The wells are usually sunk to the second 
or third ; the first is frequently sulphurous. At Monte Vista flows are 
found at 105, 135, 165. At La Jara, all the way from 60 to 150, the lat- 
ter lieing the best. At Ohrittou's, township 39 north, range 10 east. 
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flows were fonnd at 158, 166, 223, and 276 ; that at 166 being ahoat one- 
fourth as strong as that at 276. The deep well at Alamosa, according 
to Mr. Bucher, struck " aboat ten big flows ^ before reaching that at 
932 feet. 

The first deep well in the valley was sunk by C. Bacher, of Alamosa, 
in the summer of 1889. It reaches a depth of nearly 1,000 feet. The 
cost was $2,750. The writer saw the well shortly after it was com- 
pleted in 1889. It was then running a fine stream, the filU size of the 
pipe, with considerable pressure. The flow was not increased then, but 
from data furnished since the flow must be quite 140 gallons per min- 
ute, or 2i gallons per second, an amount sufiicient to cover in a year 
2,700 acres 1 foot deep with water. 

The success of this deep well led the town of Alamosa to sink one. 
This was bored to a depth of 865 feet, and has a flow, from the data 
furnished, which must be close to 1,000 gallons per minute; 

The success of these deep wells will undoubtedly cause others of simi- 
lar size to be put down. 

The temperatures vary from 46^ to 56° in the shallower wells ; in the 
deep ones at Alamosa it is 65° and 75°, respectively This greater tem- 
perature makes an additional reason for sinking deep wells, for besides 
the larger flow, the increased temperature will make the water much 
more valuable for irrigation. 

WATER SUPPLY. 

The amount of water supplied to these strata must be enormous. 
Notwithstanding the multiplication of the wells, and frequently their 
close proximity, there has been as yet no decrease in discharge noticed 
from interference with each other. Very few wells are reported as hav- 
ing decreased, and in the cases noted it seems to be from having filled 
with sand. In Monte Vista, with 80 to 100 wells, Marsh, with his 8 
wells, reports an increase. Bonner notes no change. 

John Mayers, of Littleton, an experienced well-borer, after visiting 
the valley, says : 

In one case a man sank 6 wells, 200 feet apart, the wells beinp; 3 inches in diatnctf^r, 
400 feet in depth, each well yielding 50,000 gallons of water per day. All 6 weil« 
being snnk so near each other, and not affecting each other, is to me satisfactory proof 
of the safficieucy of the strata. 

The source of the supply has not been investigated. It is quite likely 
that the disappearance of the mountain streams at the edge of the 
plain has something to do with the supply, if they do not furnish a 
large portion of it. Whatever may be the source, the present large 
number of wells in the valley does not seem to have aifected the quan- 
tity available in the slightest degrree, and the number of wells may 
probably be doubled or trebled without materially affecting the pressure 
or flow. 

USE IN IRKIGATIOX. 

In the past two years of development the principal object in securing 
the flowing wells was to have a supply of good water for domestic or 
stock use, which would render the settler independent of the ditches in 
the winter season. Some of the waste water was turned around the 
trees in 1889 and with such good results that it set many to thinking 
about securing a large flow and attempting irrigation on a larger scale. 
The success of the deep wells at Alamosa demonstrated that it was 
feasible. This is the first year of the attempt to use this water there 
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to any extent, and reliable information can not be had. H. L. J. War- 
ren, the water superintendent of water division No. 3, which com- 
prises all of the San Luis Valley and who officially has to take notice of 
artesian wells and their uses, speaks of the absolute impossibility of ob- 
taining information asked for without a personal visit to the homes of 
the farmers. He says: 

Last year (1889) there were no crops raised through the agency of artesian flows 
other than garden patches. This year there wiU be not less than 200 farmers in the 
valley who will crop from 30 to 200 acres and will have no other supply of water ex- 
cept that derived from artesian sources. In tny trips over the valley this spring I 
have been constantly surprised to witness the many ranches that are supplied with 
wells having a strong flow of water. This artesian moisture 1 believe will be the 
means of bringing under cultivation at least 250,000 acres of choice lands in the Saa 
Luis Valley that otherwise would remain barren. 

INDrVTDUAL WELLS. 

S. E. I^ewcomb, of La Jara, has eight wells of 3-inch bore, which dis- 
charge from 60 to 125 gallons per minute each. These wells are sunk 
from 100 to 170 feet, and cost, with about 40 feet of casing, $40 each. 
He is irrigating from them this year for the first time. 

Thomas Ormond, of La Jara, procures flowing water at 56 feet. The 
cost was $81. He is irrigating 14 acres without storing. 

D. E. Newcomb, of La Jara, says he has seventeen artesian wells on 
his ranch. They are 3 inches in diameter, cased about 40 feet. Depth 
140 to 160 feet. Average flow throws water above casing about 3 
inches. Cost $25 each. Temperature 48^ F. Have been flowing about 
two years. Flow constant and about 110 gallons per minute. 

In La Jara there are seventeen wells sunk within a raxlius of 300 feet; 
the bore 1^ inches ; the depth 125 to 185 feet, and yield 15 gallons 
per minute, at a temperature of 46J<^. Four men completed each well 
in two days. Method used in boring, hydraulic jetting. The cost of 
each well, $50. 

The Empire farm, a few miles southwest of Alamosa, has about forty 
3-inch wells, varying in depth from 60 to 120 feet. These wells, the 
superintendent reports, furnish plenty of water for domestic use, but 
.would not be of any benefit for irrigation purposes for more than an 
acre of ground. The Excelsior farm also has a large number, 40 to 120 
feet deep, otherwise similar to those of the Empire farm. 

C. Bucher, of Alamosa, has one of the deep wells. He has three others 
within 7 miles of Alamosa, 182 feet deep. Water rises 17 inches above 
the casing, furnishing about 150 gallons per minute. 

At Henry, section 36, range 9, Charles Glynn has a 3-inch well, 200 
feet deep, yielding 22^ gallons per minute. The cost was $35. The 
first flow was found at 83 feet. 

John lioper, 4 miles north of the above, has a well 90 feet deep, which 
did flow 12 gallons per minute, since reduced to 8 from not having cased 
the full depth. He irrrigates nearly 5 acres of trees on his* timber claim 
from it. 

The Alamosa town well is one of the two deep wells in the valley, 
both located at Alamosa. Its total depth is 865 feet. It was sunk 
from August 10 to September 15, 1889, at a total cost of $1,865. It is 
6 inches in diiimeter for the full depth, with an 8-inch stand-pipe. The 
flow fills both pi])es, and causes the stream to rise in a solid column 
some 15 inches above the 6-inch pipe, besides the flow from the sur- 
rounding 8-inch pipe. The total flow is about 1,000 gallons per minute. 
This well irrigates the streets of the entire town. 
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The formation is said to be as follows. It is probable that minor 
strata of sand are omitted. 



SMid J. 

BlaeoUy — 
Blftck iumd.. 
Blue c]*y. . . , 



Thickneaa 
of strata. 




Deptb from 
surfiuje. 



Feet. 



3 
13 
534 

526 
856 



P. O. Cyle, Liberty post office, has a well 225 feet deep in section, 
13, township 38, range 9, which was snnk in ten days in 1889 at a cost 
of less than $150. Flows were stmck at 127, 165, and 211 feet. The 
flow at first was 75 gallons per minnte, bnt the third flow having been 
shnt off by sand, the flow has diminished two-thirds. 

C. 0. Garrioo has a 2-inch well in section 13, township 36, range 10. 
The total depth is 146 feet. It was begun November 15, 1889, and • 
finished the next day ; total cost, $25. Water was struck at 40 feet, 78 
feet, and at depths of from 5 to 20 feet farther down. Flow, 25 gallons 
per minute. He has eight others, similar, under his supervision. 

Between Alamosa and Monte Vista there are a number of 3-inch 
wells, Mr. Marsh says, 200 to 300 feet deep, with an irrigating capacity 
of from 10 to 30 acres each. 

At Monte Vista Olando Bonner procures a flow of 15 gallons per 
* minute firom a depth of 103 feet; the casing is 2- inch. This well was 
sunk in December, 1888, in four days, at a total cost of $100. The , 
writer saw the well in January, 1889, and recalls that the water flowed 
to the second story of the house in quite a stream. 

At the same place H. H. Marsh has eight wells from 109 to 135 feet 
deep, similar in size and discharge to the Bonner well. These were 
sank from July to December, 1889, the later ones in a single day. The 
average cost was $65, bnt now (June, 1890), Mr. Marsh says, they could 
be put down for $45. 

J. M. Ghritton, 12 miles north of Alamosa and about the same east 
of Monte Vista, has two 3-inch wells within 160 rods of each other, 
which he says are like as two peas in flow and quality of water. There 
is only 1 foot difference in depth. Total depth, 277 feet. Pressure 
sufficient to raise the water 30 feet above the surface. When first 
struck the water was thrown full size of casing 9 inches above the pipe. 
It is now 7 inches. This would correspond to a discharge of something 
like 135 gallons per minute when first struck, and to a present discharge 
of 120. A small flow was struck at 159 feet, and one of from 30 to 40 
gallons per minnte at 165. The first well was snnk to this flow in Au- 
gust, 1889, by Mr. Chritton with a machine of his own make, and has 
since been deepened. This flow was used to irrigate garden and trees 
with the best of results. 
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The record of the strata passed through was carefullj kept, and is 
given as illustrating the characteristic formation of the valley: 



strata. 



Dark sandy loam 

Coarse sand and fsmvel. 
Fine li/^ht yellow sand.. 
Yellow iinpervioua clay. 
Blue clay, or Aoft nlate. . 
Black sand with llow*... 

Blue clay 

Blaoksandt 

Bine clay 

Vine black sand ; 

Bine clav 

Black Rand§ 



Thickness. 


Dppih. 


Feet. 


fert. 


7 


1 


18 


20 


22 


42 


18 


CO 


98 


15^ 


1 


1S9 


4 


]63 


3 


166 


45 


211 


12 


2a 


S3 


■r,i 



"* Small flow. t l^ice flow : abont one-quarter what we now have. I Flow. 

§ Here we straok sach a flow that with our pump we conld go no deeper. 

NOTB— strong flow. Water is soft; has both soda and sulphur; very clear; 56^. 

At Saguache John Braun has a 3-inch well 185 feet deep, which 
flows 35 gallons per minute. First flow was struck at 155 feet, second 
at 175. 

T. Ashley, near the same place, has a d^inch well 140 feet deep, flow 
of 50 gallons per minute. 

G. Ball's well is 145 feet in depth, 4^ inch casing, flows about 70 gal- 
lons per minute. 

Chas. I. Moore's well, 5 miles west of Chritton's, is 165 ft'ct deep. 
The flow is 60 gallons per minute, with a pressure estimated by the 
owner of 20 pounds per square inch. It irrigates five acres of garden 
and is used to help out the supply of water derived from the caual be- 
sides. 

Walter H. Graves, Monte Vista, San Luis Valley : 

It is almost impoBsible to deRi^nate any particniar locality or well, as there are 
hundreds of them in the San Line Valley. Nearly every quarter section has a well, 
and some of them have several. 

There are probably one hundred wells within the limits of the town of Mont^e Vista. 
Most of the wells are cither 2 or 3 inches m diameter. There are two at Alamosi 
larger, I think one H iDches and 10 inches, and they are magnificent wells too. 

Some of them flow better than others, as would naturally be supposed. I have 
seen a ;{-inch well that would not fill an ordinary bucket or pail in an hour, audoiher 
*2-inch wells that would fill several barrels perminute. 

We find as the mountains are approached the wells are not so strong, and within 4 
or 5 miles of the foothills water can not be found with any of the machinery that we 
have in the valley for boring the wells. 

The water is very soft and pure, although it has in some cases a strong sulphnron^ 
smell. The temperature ranges from 40^ to 56^, except in the deep, wells, where it 
ranges much higher. Most of the wells range from 100 feet to 200 feet in depth ; some 
are as deep as 700 feet and HOO feet. 

The water strata occur all the way down as far as our boring has gone, the then 
/ deeper strata giving the best and strongest flows. 

[The Empire Fami Co. ; The Empire Land and Canal Co. ; The San Lais Lnnd, Canal fud ImproTe* 
ment Co; M. B. Colt, General Supt., Frank V. Potter, Keaidcnt Eng.] 

M. B. Colt, Alamosa : 

We have, on what is known as the Empire Farm, about 40 3-inch wells, rang- 
ing m depth from 60 to 120 feet. This farm is located on sections 5, 6, 7, 8, Iri, :W. U>, 
and 2d, 29, 30, 31, and 32, 37, 10 east, N. M. P. M., in Conejos County, Colo. Thet*e 
wells furnish plenty of water for domestic use, but would not be of any benefit for 
irrigation purposes for more than an acre of ground. We also have, on what we call 
the Excelsior Farm, which is located on 8ectit>ns 1, 2, 3, 4, 9, 10, 11, and 1.5, towushlp 
35, range 10; sections 24, 25, 36, 27, 30, 31, 32, 33, 35, township 36, range 10 j sec- 
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tions 19, 21, 20, 28, 27, 29, 30, 31, 32, 33, 34, township 35, range 11 eaet, N. M. P. 
M., in Conejos Coanty. The wells of this farm range in depth from 40 to 120 feet, 
and the flow isahoat the same as those on the Empire Farm. 

The wells are all 3 inches in diameter. I do not think from ray ohservation that 
any number of these wells would fnrhish snificient water to irrigate 160 acres of land. 
As an instance of what I form my opinion on, I will refer to an attempt made by one 
Charles Carico, located on section 19, township 36, 10 east, N. M. P. M. He built a 
reservoir on the highest part of his farm about 250 ieet square, and banks of sufficient 
height to hold 4 feet or water. On the inside of this reservoir be put down four 
3-inch wells to a depth of about 120 feet, and these four wells have been running into 
this reservoir since some time last October, and as yet they haye failed to wet the 
bottom of the reservoir entirely. I account for this from the fact that his reservoir is 
on high ground, which in this valley is more or less gravelly and very susceptible to 
seepage, and I think the water seeps out and goes as surface water to the lower por- 
tions of his field, and before he will get any water in his re^rvoir he will have the 
entire surrounding country to fill up and bring somewhere on a level with the bot- 
tom of his reservoir, which in my opinion is an utter impossibility. There have been 
several attempts of this kind maae in our vicinity, and all with the same results. 
There are, however, two w^lls near Alamosa, which are down to a depth of 940 feet, 
which flow sufficient water, I think, to irrigate about 100 acres. These wells are 8 
inches in diameter, eased to the bottom, and cost about $1,200 each. They both have 
been flowing for about eight months, and there does not seem to be any perceptible 
difference in the flow since they were first opened ; also I do not see any perceptible 
ditference in the flow of the small wells over the country. I will not attempt to say 
how many of these 3-inch wells there are in this valley, but if I were going to make a 
guess at it, I should say that there were at least 5,000. 

Irrigation by artesian wells, in my opinion and in the opinion df a great many peo- 
ple in the valley, who have investigated it, is a failure, except by an expenditure of 
from $1,000 to $1,500, and then they only get water enough to irrigate from 100 to 150 
acres. 

Of course the reservoir system can be utilized by cementing the inside of the reser- 
voirs, but this, of course, necessitates a great deal of expense, and the expenditure 
of cash, which a very few farmers are supplied with. 

C. S. Aldrich, Monte Vista: 

Artesian wells in the valley are so numerous, aud the contractors such a multitude, 
that it is a hopeless task to attempt to giv<^ anything like a list of either. Generally 
the first artesian vein is reached from 65 to 200 feet, and then there are alternate layers 
of clay and gravel or sand, and in each sand or gravel layer under each clay bed is 
formed a separate artesian vein. As a rule, the deeper you eo the stronger the flow 
or pressure and the warmer the water. About 1,000 feet is the Jlowest depth reached 
in the valley. 

General Ira J. Bloomfield^ Monte Vista, Colo. : 

About Monte Vista there are from fifty to one hundred artesian wells in this imme- 
diate vicinity. 

Near La Jara there are quite a number of very fine flowing wells, one especially 
on D. E. NewcomVs place, from which the workmen insist fish came up. This weU 
is 6 inches in diameter and throws up a fine body of water. 

At Parma several fine wells are found. 

About Alamosa they have some of the best wells in the valley, being the largest and 
deepest. 

In the country north and northeasterly extending on to Saguache there are a great 
number of very fine wells. 

South of here about 6 miles are quite a number of fine flowing wells. 

OTHER SOURCES OF WATKR. 

Incidentally considerable has been learned in regard to the under- 
^rroiind supply of water, other than that of sufficient pressure to form 
dewing wells. The greater part of the information obtained relates 
to the settled part of eastern Colorado, which is not within the limits of 
the district assigned to me. West of the one hundred and third merid- 
ian there are few settlers on the plains ; consequently the means of pro* 
caring information were lacking, and little relating to this section was 
obtained. 

S. Ex. 22 15 
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The information obtained, however, leads to the one oonclusion that 
both for Colorado and New Mexico there is an immense amonnt of un- 
developed water within moderate distance of the snrface which may be 
utilized, either by pumping or by bringing t<o the surface by a channel. 

I would also call attention to the fact that there is, so far as I know, 
no law governing these undergroand waters. Their extent and the 
amount which can be used without decreasing the supply is still to he 
learned. The waters of rivers are granted to the users, and the rights 
of the first users are protected. A similar law should protect the 
developers of the underground supply, as the Italian law prescribes in 
respect to the fontanelli in that country. 

ANALYSES OF WATEB. 

The following analyses from various chemists indicate the character 
of the waters from the basins in Colorado. The Denver wells have only 
10 grains of solid matter to the gallon, while those of Greeley and 
Pneblo have, respectively, 89 and S2 or over. The Denver water has 
therefore been largely developed for boiler supply. The Denver wells 
are separated from the others by having sodium carbonate as its 
principal solid. This is present to the extent of about 8 grains to the 
gallon, and it is an injurious salt in irrigation, for it constitutes what is 
known as '^ black alkali," which is more harmful than the common 
form. In this quantity, however, it is not likely that injurious effects 
would be noticed for a number of years, except on land already con- 
taining alkali. As it can be neutralized by the application of gypsnm 
or common land plaster, it need not be considered as a great drawback 
to the use of this water. As far as yet used no harmful effects have 
been noticed by those using this water. The Greeley water has for 
its principal constituent bicarbonate and chloride of sodium, while 
the Pueblo wells have sodium sulphate and magnesium carbonate. 
Of the two the Greeley water is the most injurious and is reported as 
killing vegetation. The Pueblo water used in small quantities shows 
no iujurious effects. 

Analysis of water from (rreeUy artesian toell, 

lUnirersity of MioMgan.] 

Speoifio gravity) 1.00107 (at 60^ Fahr.); reaction alkaline. In one United States 
gallon, 231 cubio inches. 



Grains. 

Bioarbonate of sodinm 44.4284 

Bioarbonale of niaKneiiinm 0. 5075 

Bicarbonate of calctum 0.5775 

Chlorideof sodium 37.3209 

Ferric oxide 2801 

Alaminom oxide 0.0583 

Silica &20M 

Or 39.22 onbio inches at W* Fahrenheit. 



Grtina 
Sulphates, slight traces. 

Total solids 80.4401 

Carbonio-acid ffas 11.1(07 

> - — 
Total constitaents 100.5458 
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AnaJy9i9 of artesian welU in Denver, Colo. Regis Chauvenet, ohemiit. 



ANDKltaOR WBLL. 

Solid revidae 



Calcium sulphate . . . . 
ScMlinm earbooato . . . . 

Sodium sulphate 

Magnesium chloride. 
Ferrous carbonate... 
Silica 



Liroe(CaO) 

Hseumia (MeO) 

Soda(Na,0) 

Ferrous oxide (FeO) . . 
Sulphuric oxide (SCM. 

Silica (SiO,) 

Chlonne 



Grains to 
gallon. 



10.41 



0.87 
8.?2 
0.44 
0.10 
0.03 
0.00 



10.35 



WIMDSOB WKLL. 

Upper jlow. 
Solid residue 



Calcium salphate  . . . 
Sodium earbonate. ... 
."^odinm sulphate  . . 
Ma^nehium chloride. 
Ft^rrous caTbouato . . . 
SlUca 



Lime(CaO) 

Mafniesla (MgO) 

Soda(Na,0)-. 

Ferrous oxide (FeO) . . 
Solphnrio ox*de (SOg) . 

Silica (SiOt) 

Chlorine (CI) 



0.36 
0.04 
8.00 
(f.02 
0.76 
0.69 
0.07 



10.03 



0.85 
7.93 
0.44 
0.10 
0.03 
0.61 



9.96 



0.85 
0.04 
4.88 
0.02 
0.76 
0.61 
0.07 



Parts in 
100,000. 



17.85 



1.49 
14.09 
0.75 
0.17 
0.05 
1.18 



17.78 



0.62 
0.67 
8.67 
0.03 
1.30 
1.18 
0.12 



17.20 



1.46 
13.60 
0.75 
0.17 
0.05 
1.05 



17.08 



0.60 
0.07 
a 28 
0.03 
1.30 
1.05 
0.12 



Lower flow. 

Solid residue 

Calcium sulphate 

Sodium oarTOuate 

Sodium sulphate 

Majniesium chloride , 

Ferrous carbonate 

SUica 

Lime(CaO) 

Magnesia (MgO) 

Soda(Na,0) 

Ferrous oxidcffFeO) 

Sulphuric oxide (SQt) 

SUica (SiOj) 

Chlorine (CI) 

COUBT HOUBB WBLL. 

Solid residue 

Calcium sulphate 

Calcium carbonate . '. , 

Sodium carbonate 

Sodium chloride 

Magnesium carbonate 

Ferrous carbonate 

Silica 

t 

Lime (CaO) , 

Magnesia (MgO) 

Soda(Na,0) 

Ferrous oxide (FeO) 

Sulphuric oxide (SOg) 

SlUoa(SiO,) 

Chlorine (CI) 



Grains to 
gallon. 



— r 



10.70 



0.92 
&48 
U.44 
0.07 
0.03 
0.76 



10.70 



0.88 
0.08 
6.15 
0l02 
0.79 
0.76 
0.06 



33.01 



0.36 
1.64 
15.83 
14.04 
0.32 
0.06 
0.63 



Parts in 

ioo,ooa 



32.88 



1.07 
0.15 
16.71 
0.04 
0.21 
0.63 
8.52 



18.45 



1.68 
14.64 
0.75 
0.12 
0.06 
1.30 



18.34 



0.66 
0.03 
8.83 
0.03 
1.35 
1.80 
0.08 



56.60 



0.62 
2.81 
27.14 
24.07 
0.56 
0.10 
1.08 



56.37 • 



1.84 
0.26 

28.65 
0.07 
0.36 
1.08 

14.61 



CHEMICAL TESTS. 



[From H. B. Hodges, chemist and engineer.] 

No. 2217. 

Sample of water : (artesian well at Riverside Cemetery) received December 3, m89, 
from Denver, Colo. 

Depth of flow, ^50 feet; flow at sarface, aboat 1 gallon per minute. 

One gallon contains in solution : Total solids, 11.0 grains. Consisting almost wholly 
of sodlc carbonate. 

No. 2293. 

Sample of water (D. L. &, G. artesian well) received January 2, 1890 from West 
Denver. Colo. 

Sample taken 280 feet from surface. Water does not flow at surface. 

One gallon contains in solution : Total solids, 14.25 grains. Consisting principally 
of carbonate of soda. 

Carbonate of lime, 2.1 grains. 

Carbonate of magnesia, trace. 

Absence of gypsum and Epsom salt. 

Excessive amount of olaye^ matter in suspension. 

No. 2229. 

Sample of water (K. P. well, from water-bearing rock, 590*640 feet below surface). 
Received December 4, 1889, from Denver, Colo. 
One gallon contains in solution : Total HoHdH, 14.0 grains ; suspended matter excea- 

»ive (clayey). 
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No. 3916. 

Sample nf water. (Aitwian well at Orant imelter). ReoelTed DeoemlMr 3, KSS, 
frotu Denver, Colo. 

Sample is mixed ; 400 feet and 640 feet flowe. Well does not flow at anrfkce. 

One Kalloo oontainBin Bolation: Total solidi 11.7 fcraiiia, consiating alinoet wholly 
of aoilic carboDale. 



Eeceived Decembers, 

n MlatioD : Total aolide 11.2 ^aiiu, oonsiating almost wholly 
□t aoaio caroonaie. 

No. 1!>95. 

Sample of water received January 17, 1889, from East Denver, Colo. 



OneKaL _ . 

Carbonate of lime n.tJ 

Carbonate of magnesia 1.48 

Silica 1.31 

SnlphaMofnagneaia 8,52 

Sulphate of lime 8,67 

Chloride of magnesia 0.46 

Freesilioa O.W 

Salpliuteof soda 4.31 

Chloride of sodinm.... 4.0 

ToMlaolJda £9.M 

Freo nianionia 0, 00ti6 parts per 100, 000 parli 

Albuuiouized ammonia 0.0100 parts per 100, 000 puiM 

[Teiti by D. O'Brlna, ohemlst Colondit AKrioDltnnl CoUege-l 

dndrew't mil, MOfett dttp, 3 mJlet WMt/rom Fort Coltini, C«U>. 

[m.2 cnlu to Kallon-I 

Moisture, lOOC poroent.. 15.35 

Iron and alumina Traeei 

Calcium ((oa) percent.. 142 

Magnesia (MaO) do.,., 14.« 

Carbonic aoid (Co,) do.... 86.20 

Snlphnno acid (HjSOO do..,, 33.25 

Chlorine (CI) do 1.46 

SodaCNagO) do 6.81 

loaoi 



Hardness (todd) grains 

Per. " ..... ■.  •. . • uu a. e 

Tomp. " do 9.% 

Free animonia do On064 

AJbnmeni/ed ammonia do 00t64 

ChlohUG do 64 

ExaminaHe* of toliih of Lam«r viaUr. 

[MirfrtnreBt 1MC,«.4.1 

Iron and alomina 74 

Calcium (CaO).. 



Mazneaia (HgO) . 
Carbonic aold. .-. 



SnlpbDricaDid(H.'SO,) 4:t.lO 

Alhaiies (Noa) 20.39 

Chlorine (CI) ll.« 

100.04 
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▲NALT8IS OF WATR118 FKOM SUB-DISTRICT IV. 

(Colorado Coal aod Iron Company, BMsemer, Pneblo, July 2, 1884. Tomperaiare, S0.5 F.] 

Result of analysis, 
[H. L. WelU, ohomiat.] 



Parte in 100,000. 

Potash 2.06 

Soda 34.03 

Lime 15.09 

Ma^esia 9.91 

Iron oxide (Feo) 1,31 

Chlorine 3.51 

Sulpbarie acid 59.47 

Carbonic acid Slight excem 

Silica 98 

Boraoio acid Trace 

Lithia Trace 

Florine Trace 

Phosphoric acid None 

Bromine ^ None 

Iodine None 



Parte in 100,000. 

Manganese Nou« 

Potassium chloride 3.26 

Sodiam chloride 1.... 3.26 

Lithiam chloride Trace 

Sodium sulphate 73.98 

Sodium borate -. Trace 

Calcium siHphate 30.24 

Calcium carbonate 4. 71 

Calcium Flouride Trace 

Magnesium carbonate 20. 81 

Ferrous carbonate 2.10 

Silica 98 



Total solids 139.34 



The water contains a small amount of free carbonic acid, or more probably bicar- 
bonatea. 

Fariss wsil, Piuiblo. 





[Yon Schnlte 4 Low, of Paoblo.] 








Orainn 

te 
gallon. 


Parte 

in 
100,000. 


HoHil Tosidao.... ..--- 


•2.84 


106.80 








Sodiam chloride 


2.42 
41.02 
8.48 
e.28 
&16 
0.01 
0.01 


415 


Sodiam salnhate .- 


71.82 


Catcinm sniohato .,...- 


5.88 


Calcltnn oarbonato 


10.76 


Mafpiealnm carbonate.... 


10.56 


Ferroua carbonate 


1.66 


Silica... 


1.56 




m 






02.03 


106.20 



This analysis was made on the filtered water. There was some suspended matter, 
but aH a portion at least came from the bottle in which the water was brought to us 
the amount was not determined. The gallon referred to is the United States gallon 
of 231 cubic inches. There were no traces of poisonous metals. 

Pueblo wellj C, H. Small, owner. 

[Teat by D. O'Brine, chemiat.] 

Iron and alumina Traces 

Magnesia Traces 

Calcium 1.80 

Soda 47.92 

Solpbnric acid ."-'!..-!..J..'ir--!...I.'JI!!.!!IIl. ll!82 

Chlorine 6.00 

Carbonic acid :J2.43 

„ 99.97 

Found 142 grains to gallon of solid matter. 
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[Analyvis of water from a surface, well at Pfie^itf.] 
ITeet by D. O'Brlne, chemist] 

120 feet deep; total solids 862.2 grains to gallon : Moistare 100 C.,4. 73. 

• 

Per ce&t 

Iron and alumina iW 

Calcium (CAO) ^^ 

Magnesia (MGO) ^ 

Soda(Nao) 45.98 

Salphoric Acid (Sog) 32 

Carbonic Add (Coa) 16.40 

Chloride (CI) 36.32 

100.08 

Cation City well, Colorado. 

[Test by Prof. W, P. Headden, University, Denver.] 

I had but a little over 500 cubic centimeters (505) ; this quantity yielded 0.8945 
grains residue, which gave me the following result: 

Specific gravity of water, 1. 0017 ; total solids (dried at 100^) contained in 1,000 parts 

1. 77iy. 

• 

Sodio chloride 0208 

Sodic sulphate 4006 

Potassic sulphate 0144 

Magnesic sulphate 1427 

Magnesic carbonate 10(k) 

Calcic 0050 

Ferric oxide 0027 

Silicic acid OOlfi 

Moisture not expelled by 100° 0033 

.8945 
SPRINGS. 

The most important ones reported in the San Lnis Valley. 

The Los Ojos Calientes, so-called because of their steaming in cold 
weather, are a group of large springs located in section 18, township 
35, range 11, on the west side of the Rio Grande River, owned by 
Mrs. Florence Mclntire and A. W. Mclntire, of La Jara, Colo. 

The following statement is due to Mr. Mclntire: 

Some are of immense size, the largest one carrying, according to theHayden meas- 
urement, it IS said, 21 cubic feet per second. The temperature is about 60^, and 
ueither that nor the flow varies from winter to summer. The springs rise in lava. 

These springs vary in size from the one mentioned to one flowing scarcely 20 gallons 
per minute. One of the intermediate ones irrigates 10 acres, after losing two-thirds 
of its quantity on the way. 

Another part of the group of springs is below average water line in the Conejos 
River, and when that branch of the river last summer went dry. Just above, we irri- 
gated 100 or more acres by damming just below springs. With one exception these 
springs all come out at the edge of the lava hills that exist in the south end of the 
San Luis Valley, and occupy most all the territory between these springs and the New 
Mexico line and fnrther south. The springs are about equidistant from the moun- 
tain ranges on the east and west. 

Practically the springs rise between two points of lavahiUs running further north, 
and making almost a semi-circle, around which the springs are scattered, the two 
points being 2| miles apart. To the east one of the points, along the base of the 
same lava hill, facing north, two or three springs come out of moderate size, on the 
land of Miss Francesca Atkinson, and of S. H. Ball, esq. Hon. Gordon Land, who 
used to live here, stated t<o me that the temperature of some of the springs was as high 
as 740. 

The spring which does not come out at the edge of the lava is about three-quarters 
of a mile north of the main spring. 
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Aboat 1 mile south of the main spring a hole has been bored through ther lava, 
and at less than 100 feet a small flow of pnro water is obtained. This is on the south 
side of the ridge that runs out northwest. 

Ending in the west one of the points mentioned, and not within the line of the solid 
lava, on the bottom land about 1 mile north of this west point, I put down a ^inch 
artesian well; went through a blue clay, exactly like the blue clay present in 
almost every one of the springs, obtained a small flow at 46 feet* but my tenant ob- 
jecting to the '^ rotten '' taste, I drove about 15 feet further, and the result was about 
all the water the pipe could let through, clear water with slight '* rotten egg" flavor. 
It has been running over a year without diminution. Piped to the water. 

Ahairacti of apringB reports* 



Name. 



S. C. ToUe, Pueblo, Colo 

Do 

C. C Ftem, Pneblo, Colo 

Fred Bohrer, Poeblo, Colo . . . 
B. C. ToOe, Paeblo, Colo 



WOliam G. Finley, Cxow, Pu- 
eblo, Colo. 



Do. 
Do. 



Jtank Perton, Greenbom, 
Colo. 

E.H.Beokwith, Bye, Colo .. 



HAjden A Dickeraon, Den- 
ver, Colo. 

J. M. Dack#orth, Crow poet 
oflice, Pueblo, Colo. 

WiUiMn Meredith, Rye, Colo. 



Oeorjce A. WatsoD, Lamar, 
Prowem County, Colo. 



C B. Bowman, Wftlaenburgh 



George T. Herbert, Lamar, 
Colo. 

WOlow Springs, 15 miles 
iioQtb by aontbwAflt of 
Lamar. 

D. Zimmermao, Lamar, Colo . 



Iron Sprlnfm, Bobert C. WU- 
aoD. Beulah. Colo. 

Bed Creek Sprtofr, Tbomaa 
J. Liveeey, F aeblo, Colo. 



Locality. 



Sec. 15, T. 18, B. 03.. 



Sec23,T.18,B.<n.. 
Sec. 3,T.20,R.M.. 

Sec. 32-33, T.20,B. 

62. 
Sec 15, T. 18, B. 63. 



T.24,B.66 



Sec. 10. T. 24, B. 66. 
J.- 25, R. 66 ........ 



Sec. 22, T. 24, R. 06. 
Sec 24, T. 24, K. 67. 



Sec 27, T. 24, B. 67. 

Sec 24, T. 24, B. 67. 
Sec. 21, T. 24, B. 66. 
Sec 30, T. 24, B. 68. 



Sec4,T.35,S.B.41 
Sec. 22, T. 22, B 67.. 



Sec 6^ T. 22, B 68. 



HnlTane Sprinpi, D. Zim- I Sec. 20, T. 27, S. B. 
merman, Lamar, Colo. 47 W. 



Oeem T. Herbert, Lamar, 



Bemarka. 



Wonld mn one barrel per minnte. Bofla ont of 
pnre white sandstone. No rock above or below 
the spring. 
Do. 

This spring bae a small flow ; constant ; not aff«*oted 
by seaMons. Good drinking and cool. 

Fleming Spring has large flow : constant ; good 
water. Owned by J. W. Canlfield, Pneblo, Colo. 

Will mn one barrel water per minute Boils up 
ont of pnre white sandstone. Owned by J v. 
Holland, Pneblo, Colo. 

Owned by Mr. Boyton, Pneblo, Colo. Salt Creek 
post office. Springs rise in creek bed ttom sev- 
eral directions, with water enough to irrigate 200 
acres. 

Owned by William G. Finley. 

Owned by Jesse Marshall, Bye, Pneblo County, 
Colo. 

Owned by Mr. Dnckworth, Crow, Colo. 

Person Spring is large; not affected by seasons. 
Water hard; rather warm in winter, cold in 
snromer. Comes from limestone. 

Beckwith Spring is large; constant in flow; un- 
affected by seaMons. Water hard ; cold in earn, 
mer, warm in winter. 
Do. 

Da 

This spring, " Stato Spring," is the largest of sev- 
eral large springs. Would irrigate about 40 
acres. 

Number of springs in the vicinity of Butte Creek, 
fed by springs of subternmean waters. The 
deeper wells are dug the higher the water rises. 
Water obtained from 20 to 75 feet. A well 
drilled at Wild 230 feet ; water rais«>d 45 feet. At 
Albuny well is 290 feet; water raised 200 feet. 

A spring 3 miles northwest of Walsenltnrgh flows 
3 cubic feet per second ; .inlphur; 73^ Fahr. M. 
J. Coots, owner. The only large spring in Huer- 
fano County. 

This well is 235 feet deep. Water is struck below 
sandstone and shale, rising 20 feet. Large sup* 

piy. 

Flow, medium and constant: slightly affected by 
change ot seasons. Water is good, slightly al- 
kaline, coming from sandstone. 

Willow Spring nas a large flow ; constant ; not af- 
fected oy seasons. The character of the water 
is good ; comes from yellow sandstone. 

Supply Is small, but affected by seasons. Strongly 
impregnated with Iron, coming fW>m a sandstone 
formation. Water warm. 

Flow, Amall; constant; unaffected by seasons. 
Contains iron, soda, sulphur, magnesia. Ana- 
lysed by Professor Lowe, of Lieutenant Wheel- 
er's Survey. Used by the public. Not improved. 

Two springs ; flow, about 100 gallons per minute ; 
constant ; not affected by soasons. Water is 
cold. No rock visible. 

Arto.Hian well 11 miles southwest of Lamar, and 80 
feet above has depth of 150 feet. Water nilAed 
immediately within 41 feet of top. Stands steady 
at this depth. 
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fForm of contract for boriiij; well.) 
WELL-SINKING CONTRACT. 

This aj;n»einent made this 10th day of October, A. D. 1889, between the Union 
Pacific Railway Company, of the first part, and Comstock Brothers, of Arapahoe 
County, Colo., of the second part, witnessetb that said party of the first part proposes 
sinking a well in the vicinity of the Kansas Pacific shops, in Denver, Colo., to a depth 
not 'to exceed 700 feet, and that said party of the second part for a consideration 
hereafter mentioned, bargains and agrees to do all 'digging, drilling, boring, casing, 
or other work connected therewith, or rendered necessary by the sinking, casing, 
completing, aod turning over in a complete and accepted condition the aforesaid well 
to the party of the first part. 

It is understood and agreed that the work on said well shall commence at such time 
as the party of the first part, by its supervisor or engineer, shall direct, and not more 
than five days from the date of this contract, and that such work shall proceed with 
reasonable diligence aud speed until said well is completed, or uutil it reaches the 
aforesaid depth of 700 feet, or unless the party of the first part shall otherwise elect. 

If the party of the second part shall fail to prosecute the work with proper dis- 
patch, the said party of th^ first part may, upon giving three days' notice to the said 
second party, declare this contract forfeited and abandoned, which declaration shall 
absolve said first party from all obligations under or in any wise growing out of this 
agreement. 

Work under this contract shall be completed by the day of , 1889, and no 

compensation shall be made to said party of the second part for hindrance or delays 
arising fiom any cause ; but if such hindrance or delays arise from any cause other 
than the fault of the party of the second part, then said party of the second part 
shall be entitled to such extension of time ror the completion of this contract as the 
supervisor or engineer in charge of the work shall determine. 

No part of the work under this contract shall be sublet or transferred withont 
written consent of the party of the first, and no such written consent shall release 
party of the second part from any obligation. 

The party of the nrst part reserves the right to suspend or terminate the work 
embraced in this contract for reasons not herein specifii'd, aud party of the second 
part agrees to discontinue all work at once after having received notice of such sus- 
pension or termination, in which case party of the second part shall be entitled to 
payment in full for all work actually done, but shall make no claim for consequential 
damages or anticipated x>rofits, or damages of any kind, resulting from such suspen- 
sion or termination. 

It is understood that there shall be but one class of work considered in this con- 
tract, and that this work shall consist of sinking a hole of a suitable size to such 
depth, not over 700 feet, as aforesaid supervisor or engineer may direct, and the plac- 
ing to the satisfaction of said supervisor or engineer in charge of the casing oi the 
well (casing to be furnished by the party of the first part), and for this work as a 
whole complete payment will be paid. 

In consideration of the faithful performance of said work and of all the conditions 
of this agreement and the specifications herein contained, said first party agrees to 
pay second party as follows : i^'or well, completed aud cased, of proper form and 
workmanship, and accepted as coinxilete and satisfactory by party of the first part, 

per foot of depth, measuring from tlie natural surface of the ground at a point 

where the well is sunk. 

An estimate shall be made when the entire work shall have been completed and 
accepted by the party of the first part as complete ; when this shall have been done, 
and when the party of the second part shall nave executed to the said party of the 
first part a release and receipt in full of all claims aud demands whatsoever growing 
out of this contract or performance of work under the same, then payment in full in 
accordance with the above-mentioned prices shall be made. 

In testimony whereof the said parties have hereunto set their hands the day and 
year first above written in duplicate. 

The Union Pacific Railway Company. 

By . 

By . 



REPORT ON NEW MEXICO, BY DIVISION FIELD AGENT L. G. 

CARPENTER. 



So little iDformatioQ is to be obtained from New Mexico, and the 
means of rapid communication are so small, that sufficient information 
is not at hand to divide New Mexico into clearly defined districts, by 
which any of them can be demonstrated as artesian in character. For 
present purposes New Mexico is divided into three districts, one includ- 
ing the Kio Grande Valley ; the second the Pecos Valley, which extends 
nearly the whole length of the eastern part of the State; and the third 
district to include the northeastern portion of the State, ^if^hich is not 
drained by the Pecos. 

The characteristics of New Mexico are in some respects like those of 
Colorado. There are few living streams. The water supply is scant. 
Passing away from either the liio Grande or the Pecos Rivers there are 
stretches of ground in which no water can be found. Springs are 
scarce in a great portion of the region, even in the mountains, and 
when present the streams rarely extend for more than a short distance 
from their source. The Pecos Valley, however, is supplied with some 
remarkable springs, some of which are probably among the largest of 
the world. Near Boswell one is reported that supplies a stream 50 feet 
broad and 3 feet deep. Several other springs in the same vicinity are 
second only* to it in size., There are many interesting basins in New 
Mexico which would undoubtedly repay investigation. It was impossi- 
ble with the time at my disposal to visit any region off the railroad. 
As there Was but one running from north to south, the portion hastily 
passed through bears a* very small proportion to the whole area. Some 
of the most promising areas were 200 miles from any railroad. Popu- 
lation is sparse, and consequently the means of obtaining information 
are wanting. In many cases but one or two letters could be exchanged, 
and it was therefore difficult to learn of those who possessed infor- 
mation and secure a reply before it was too late to be of use. These 
conditions have made it impossible to secure a report that should do 
anything like justice to New Mexico and her resources of water. 

ARTESIAN WELLS. 

So far but few attempts to sink artesian wells in New Mexico have 
been made. A few deep borings have been made, but nearly all have 
been for prospect holes. Only five deep borings have been made, and 
these were at Fort Wingate, Deming, liaton, Las Vegas, and Santa Fe. 
Several holes were sunk in southeastern New Mexico to depths of 200 
or 300 feet by the Southern New Mexico Eailroad Company.* 

* Since this report was completed a successfal artesian bore has been completed 
aboat 320 feet deep, with water flowing at moderate pressure above the surface. 
Location : six miles B. by £. of Springer. 
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THE RIO GRANDE. 

Santa F^, in the northern part of the Santa F6 Valley, was visited, 
with Colonel Nettleton and Professor Haj. At this point an artesian 
well had been attempted, 9 miles south and west of Sante F4, near a 
body of very fine land, which it was hoped to water. At 360 feet water 
was struck which rose to within 70 feet of the surface. This seemed a 
good supply of water as far as tested. Thirty -one barrels were taken 
out in 21 minutes without reducing the height. Granite was struck at 
96 feet, and the boring was continued for 155 feet in it. It is possible 
that a location lower in the valley might have secured a flowing well. 

Several wells have been tried in the sandy feeders of the Bio Hondo, 
south of Santa F^ ; some with success. 

Mr. Fisher's well, 3 miles south of Santa F6, is 40 feet deep. Water 
rose 24 feet in the well. Large supply. 

At Santa F6, a man named Pedro has a well 28 feet deep, 6 feet in 
diameter, near the Atchison, Topeka and Santa F^ depot. The water 
was 8 feet in depth — ^it hai been 16. By means of a windmill enough 
water is raised to irrigate three acres, mostly in garden crops. The 
quantity is so great that, in attempting to sink it deeper, three men 
could not keep down the water sufficiently to allow the work to progress. 

Kear San Pedro, 40 miles south of Santa F6, several wells have been 
sunk which were not flowing, but are artesian. In two of these, shafts 
were sunk to a))out 90 feet, then a drill-hole was bored 300 feet further 
in one, 400 in the other. The water rises from 20 to 40 feet in the 
shaft, and is in such quantity that one of them furnishes water for 
three boilers, two water jacket furnaces, and a 25^stamp mill. 

After leaving Santa F^ we ent;3r the fertile bottom lands of the Bio 
Grande. It was reported that there was an artesian well at Alba- 
querque. A personal visit showed that no special attempt had been 
made, and that the wells which gave rise to the report were not flow- 
ing wells. The city water works has two wells, 20 and 22 feet in 
depth, respectively, and 25 and 33 feet in diameter. 

In 1889 a IJ-inch pipe was driven in the bottom of the well some 38 
feet deeper. This flowed some 14 to 16 gallons per minute into the shaft- 
Both wells are now supplied in this manner. Last year some 650,000 
gallons per day were pumped. Water is struck in the valley at from 
6 to 8 feet Usually that of the third stratum, at 30 feet, is used. It 
rises to within 4 tVet of the surface. The amount of water underlying 
these bottom land.^ is certainly great. The supply may be furnished 
by the Hio Grande and its tributaries. Kearly all the canons in the 
neighboring Sandia Mountains have runuiug streams which do not 
reach the Kio Grande. As soon as they reach the sands they dis- 
appear. 

There are a number of springs, especially on the east of the Rio 
Grande, in this region. All are small. Their flow does not seem to be 
enough to accuuit for the amount of water that must come from the 
Sandia Mountains. Among these are the Hubbell Springs, township 
8 north, range 3 east, 5 miles ea^^t of Isleta, which furnish a large 
amount of stock water and are not aff<*cted by the season. 

Cabra Spring, in township 8 uoith, range 3 east, 15 miles south of 
Albuquerque, is about the 8a>ne size as Hubbell Springs, and flow is of 
the same character. Both are about 5 miles from the mountains. 

To the southeast, in Coyote Canon, are mineral sx^riugs used for 
bathing. 

Half way up the mountains are fresh-water springs. In general 
these springs are used for stock only. 
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Alon^ tb© Rio Grande, between San Rlarcial and Rincon, stretcliea 
a remarkable plain, to which the Spaniards^ gave the name of the 
Jornada del Muerto, or the Journey of Deatli. It is some 70 miles 
from San Marcial to Bincon. In the whole distance of the plain, which 
the road has to take becaase of the impassable cafion of the Bio Grande, 
there is not a living stream. 

Dr. Bowman says that in an area of 100 by 25 miles, in times past 
or present, outside of the railroad stations, there have been but two 
human habitations, one at Martin's well and one at a small spring 
which soon sinks into the sand. The plain, containing some 2,000,000 
acres, has a fine crop of gramma grass, and is fertile if water were 
supplied it. There is bnc one spring, and that a small flow, on these 
plains. The mountains on the east and west have hut few, and, as 
mentioned of the region near Albaquerqne, these flows are not sufficient 
to account for the water which there is every reason to suppose must 
flow from these mountains. The Martin well was sunk many years 
ago. It is reported to be 160 feet deep and to supply an abundance of 
water. There is an attempt now being made to find artesian water on 
the Jornada. The following is an interesting statement from the San 
Marcial Beporter, of January 4, 1890 : 

Several enterprises are tinder way to reclaim this extensive and valaable tract by 
bringing on to it the surplus waters of the Rio Grande, and there are those who 
believe that water sufficient for irrigation purposes could be brouffht to the surface 
by means of artesian weUs. Mr. W. L. HohneSi of this city, has already commenced 
an erperiment of this kind on the east aide of the Jornada. What strengthens the 
belief that it is possible to strike an uodergronnd current having a source sufficiently 
high to force the water to the surface are three springs now flowing about 16 miles 
east of Lava Station, the principal one being known as Ojo Annay^ and the large 
number of mounds evidently raised by the deposits of springs now extinct. That 
these mounds were so formed is shown by the pipes to be found in their centers, and 
the fact that they are composed of snlphate of^lime, the material which strongly 
impregnates the springs now in active operation. The theory advanced to account 
for the extinction of these springs is, that when the deposit by precipitation and the 
soil, aided by the wind, became so high that the water ceased to overflow the in- 
cmstation at the mouth gradually closed the orifloe and the water sought other out- 
lets. 

There are not less than one hundred of these mounds scattered along the east side 
of the Jornada, some of them 100 feet in diameter at the base, and rising from 5 to 30 
feet. The water from the flowing springs is so strongly impregnated with hydro- 
fiulpbate of lime as to render it almost untit for human beings, nut it does well for 
stock and vegetation. 

From the lower end of the Jornada at Fort Selden the Bio Grande 
again broadens ont into a beautiful valley. It is a basin in shape. 
Both to the east and west are the mountains, which close in at Fort 
Selden on the north, and at El Paso on the south. The length is about 
40 miles. The Organ Mountains, 12 miles from the river, form the east- 
ern rim of the basin. It would require a further examination tiO show 
if the other conditions of an artesian basin are present. 

No deep wells have been attempted. The deepest reported is 65 feet, 
but from these wells of moderate depth water rises nearly to the surface. 
The tbllowing letter from Mr. John DeMeir, a citizen of Las Oruces, 
shows the experience at that point. 

I am convinced that our valley is one immense artesian belt and will cite a few 
04Me8 tc confirm it. 

The deepest drive well here is 65 feet, at Col. Albert Fountain's. The water stands 
at 4 feet of the surface. Major Llewellyn^s well, 700 feet distant and south of Fount- 
ain\ is driven 45 feet ; water stands at 4 feet. One mile south of his well, McClnre 
Brothers drove down 65 feet; water stood at 4 feet. They broke their pipe and could 
drive no further. An open weU up on the foothills, upper part of town, sunk to a 
depth of 45 feet, and the bottom bein^^ about 12 feet below the valley land, gave a 
poor supply of water. Mr. Ackenback, the owner, drove a pip© 16 feet in the bottom 
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iMid it rises in Hip. well ami yii'Mw all tbti water they ilesire. So far tli»( Rtrat.a bere is 
theBiiDiu ns in Caliri^niiu. Itxlrivliij; n-ellH ovi-ry linv feet they utrik^a hard pan that 
makes it hIow, hard nork until il le iivuctrateil, andwLeu [lassed Ihtougb it will drive 
eteily till next hardpun la struck. TbRSx Ntrata« are from 2 to 4 feet thick, wid ia 
«Dklng open wells it is necessary U> iib« ex|ilosiTea. 1 have been bammeriiu! at the 
people for ibo past year to raise funds and give it a trial, and white all are of the aame 
opiuion as I am, it is slow wurk to get them to move iu tiie mat(«r. On the east we 
are sarroanded !i<r a htgjh moontaio range 3,500 feet biglier than the valley, while on 
the west we have a high mesa and mountains. At Furt IJelden the mountains meet 
and form a narrow pa«H worn throoKh the rock, and at ElPaso they meet again and 
form another pass, so tbat we are truly a basin with a rock pass above and below as. 
I send a tiingram, which may give a better idea of onr situation. 

Mr, De Mier, of Las Cruces, eays : 

Abont 2B miles above here, in upper end of this valley or above it proper, npringa 
crop ont at river bank and keep the lagoons full when Rio Grande is dry. Am iih 
formed eaine feature prevails ibis side of El Paso, Tez., at lower end of the vallej. 
There are immense bodies of water (lowing from hidden veins in the Organ Mount- 
ains 12 miles east of this point ; one in particnlar is over 60,000 f^nllons an hour. At 
the Memphis mine that amount was pumped day and night for over a year. It came 
in at abont 130 feet in the shaft, and only part of it entered the shaft. Mine has been 
closed down for past six years on account of wiiter. There are a number of springa 
oA both sidea of the range, inoatly on west side, draining into this Mesilla Valley. 

W, J. JobliD, tbe manager of tlie miDe above refeire*! to, reports sub- 
stantially the name, except that be put the inflow at 2O,OU0 gallons per 
hour. 

J. H. Kiley, 12 miles northeast of Laa Cruces, has a well 126 feet 
tleep, in whieli he geta water at 92 feet. He ia lower than the Memphis 
mine, and the watur he xtrikes is soft, while that at the Memphis mine 
is hard. There is a spring at this same ranch flowing about a cable 
foot per miuute. 

Surg. A. P. Fnck, Fort SeldeD, at tbe upper end of the valley, aays: 

I have had no opportunity to gain any knowledge of springs or water snpply in 
New Mexico beyond tbe immediate vicinity of this post. On the left bank of the 
Rio Grande River, one and a half miles above the location of the post, there is a hot 
mineral spring, the bend of which, so far ns yet developed, is abont as high as high- 
water mark of tbe river. It does not appear to be aftected by the rise or fall of Oir 
river. When tbe bed of the river is dry (as was the case fmni nbont Augnst, m89, to 
Febrnary. 1890), several feet of fall from tbe head of tbe spring to the bed of the river 
shows a Dow equal to about one inch of water in a pipe under a pressure of say 6 
inches of head. During low water in the river, or a dry bed, this water flows from 
Hicavations tbat have Iieon made into a nivky blnff that juts into the river bed. 
The temperature of tliu water is 150° F., and il <iuantitativu analysis shows 205 grains 
of Bobds to the gallon. No qualitative aiialy£i-< has been matte. 

The water supply of tills military post ia now derived ttara a drive well, 600 yards 
f^ni the post, aliont balf way froni the foot of tbe mesa on which the post is situated 
and the bank of tlie river. Betne<'ii the Mesa and Mount Roblero, on tbe other side 
of the river, the valley narrows dctwn to about I,aOO yards. At a depth of 10 feel > 
quicksand is found, which bears a giioil clear potable water. The drive well point 
above referred to is at a depth of ^4 feet below the general surface of tbe river bot- 
tom or valley, and the pump nsed yields a How of about 30 gallons per miante. It 
has been nsed abont nine months, and has never shown any abatement in tbe dow, 
as far as tested. Tbe water is excellent in quality, and holds in oolation only ITJ 
grains of solids to the gallon. 

The following is in regard to this same valley : 

A new comer into this part of the valley (Ferdinand Horaqnetle d'Amians) pnr- 
ebaseil from Williaui Dessaiier, of Las Cruces. about 500 acres of laud at Brunswick. 
He is now engaged in sinking a point for water; isdowii T'i feet. Each blow with 
tbe banimer drives water out at tbe top of the pipe, ao it can be plainly seen tbat 
this is but Utile less than a flowing well. At present be is in bad water and intenda 
to go down iiS feet inore, nnleas he shall get good flowing wat«r before reaching tJie 
depth of 100 feet. 
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In the dagwelle at Las Graces, which reach water at 18 feet, the same 
pheDomena of a moving current is noticed as is observed in the valleys 
of the Platte and the Arkansas Rivers. This movement, according to 
the measnrements of Dr. Petin, of Las Graces, is one yard in five 
minutes. 

O. y. Meadj of Victoria, a few miles soath of Las Graces : 

In from 6 inches to 12 feet we reach the plain of water underlying the Rio Grande 
Valley, the hottom land alon;; the river. This plain rises and falls with the rise and 
fall of the river. Ahout a mile from this place, stectiou 22, township 25 sonth, range 
2 east, water seeps ont at the foot of the mesa a trifle above the valley water, appar- 
ently giving reason for the belief that the water underlying the plains westward 
toward Doming is independent of and more elevated than that of the valley. 

At Deming, some 40 miles west of theEio Grande, the first deep well 
sank for water was pat down in 1884. 

In sinking 980 feet, thirteen strata, bearing water from 70 feet down- 
ward, were passed through, but none of sufficient pressure to bring the 
water to the surface. The several strata below 770 feet brought the 
water nearly to the surface. From 773 it rose to 28 feet of the surface ; 
to 21 from 836; to 19 from 886 ; to 9 feet from 912. After standing a 
year at 9 feet 3 inches from the surface, the water settled back to 16 
feet 3 inches. 

East of the Bio Grande and between the Organ and the San Andreas 
Mountains on the west and the Guadalupe and the Sacramento on 
the east is an extensive valley covering several thousand square miles. 
There are few if any people living in this vast area. In the north are 
gypsum beds covering, says Colonel Fountain, of Las Cruces, over 1,000 
square miles. Water is found close to the surface. In driving across 
ihese gypsum beds places are passed which have a distinctly hollow 
sound. In 1862, when passing over these beds, he came across a hole in 
the bottom of which there was a rapid stream. 

There are very few springs in this valley. Of one Mr. C. V. Mead, of 
Victoria, says: 

The Qjo de los Alamos, given on the Department of the Interior map near the Texas 
line, ahont 70 miles east of £1 Paso, is well np on a little monntaiu, which is lower 
formation forced np tbrongh the npper formation, and gives every appearance of ar- 
tesian water, which has followed the stratifioation, in which it flows, in the upheaval. 
The plateaa bounded on the north by the Sacramento Mountains, on the east by the 
Guadalupe Mountains, on the south by the Sierra Blanca, and the west edge of 
which is the Hqeco Mountains, gives every appearance of beipg an artesian country. 

In the extreme northern part of this valley the Southern Kew 
Mexico Well Boring Company attempted to bore some wells, but their 
outfit not being adapted to rock, most were abandoned at moderate 
depths. 

Major Llewellyn, of Las Cruces, president of the company, stated 
that the first well was about 25 miles from White Oaks, which is 
in township 6 south, range 13 east, at the bead of the Mai pais or 
ancient lava beds. This was abandoned at 280 feet. 

At the northwest end of the Sacramento Mountains, at a depth of 
90 feet, water was found, which rose to 30 feet of the surface. There 
several successful pumping wells were put down for B. E. Davis, of 
San Augustine. 

The Pecos Valley has, until recently, been yielded to the cattle com- 
panies. Now a good many settleiB are entering the lower portion of 
the valley. 

The headwaters of this river are in the mountains near Las Vegas 
and Santa F6 J thence its general course is southeasterly and southerly. 
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Above Eoswell, 100 miles from the southern border of the Territory, 
the river is subject to droughts and sometimes runs dry. At that poiat 
it is replenished by the waters of some of the largest springs in the 
world, and from that place the stream has never been known to be dry. 



NATUBAIi SPRINGS. 



These springs are remarkable for their size. The following are the 
summaries of some reports by different persons : 



Kame. 



J. C. Lea, BoBwell, N. Mex. 



Patrick F. Garrett, Roewell, X. Mex. . . 

J. A. Ermin, Soswell, Lincoln Coantv, 
N. Mex. 
Do 

Do 

L.M.Loiig 



Remarks. 



Head of TSSoHh vSprin t: River. Sec M, T. 10 S., R. 23 E. LtrfStgi 
aprins in the world. Makes a rapid river 50 feet wjde, 3 
feet deep. Constant, not aiTeotedby seaaons; dear; rather 
hard. Temperature, 45'^ to 6fP, 

North Spring; River, same as above. Large; constant: not*/- 
fected by seasons. Water is limestone. About 60^ the yesr 
round. Owned by Capt. J. C. Lea. 

North Spring Kiver, same as above. A stream IS to SO Teet 
wide. 2 reet deep. Owned by L. M. Long, RosweU, N. Mex. 

North Berando, in Sec. 17, T. 10 S., R. 24 £. Same description 
as above. 

South Berando, in Sec. 6, T. 10 S., R. 24 £. Same description 
as above. 

The North and South Spring River springs and the three 
Berandos, owned by Capt. J. G. Lea, William Robert, Coload 
Miller, located in Tn. lu and 11 iS., Rs. 24 and 25 E. Flow i« 
const-ant : not a£St*cted by the seasons ; comes from limestone 
roclis. Temperature 67° in siunmer ; 63^ in winter. Total 
flow, from 700 to MO cubic feet per second. Water excellent 
for domestic and irrigation purposes. 



NON-SURF AOE WELLS. 

East of the Pecos there is a nnrober of wells. These extend from Bos- 
well to Eddy, and are about 15 miles apart. Water is found from 12 to 
40 feet deep, usually in abundant quantities. One well furnishes water 
for 10,000 cattle. 

In the extreme upper end of the Pecos Valley the Las Vegas Devel- 
opment Company sunk an experimental well 1,860 feet. A vein of 
water was gtruck at a depth of 1,300 feet, the water rising to withiD 50 
feet of the surface of the ground At a depth of 1,500 feet the hole was 
cased. 

At a depth of between 1,600 and 1,700 feet, water was again strack. 
it rose to the surface of the ground and overflowed slightly, but as the 
seat of the casing got broken the water got between it and the well and 
escaped, still remaining, however, at a level of 50 feet below the surface 
of the ground. 

This well was about IJ miles north of Las Vegas. Another hole to a 
less depth was bored south of Las Vegas. 

John Campbell^ G. U,, of Las Vegas, writes : 

• Yoa may have observed at the Hot SpriDgs a break in the strata- lying almoot 
perpendicular — this break lies in a northerly and southerly direction. Three miles 
south of Las Vegas and to the east of the above-mentione<i break or upheaval, a hole 
was drilled for coal about eight years ago. At a depth of between 3*25 and 335 feet a 
bed of quick sand, containing a strong flow of running water, was struck. The water 
rose to abont 50 feet from the surface of the ground, but, as coal wa« the object iu 
drilling, the work was then abandone<l. There w^as every indication of an inexhaust- 
ible supply of water at this place. 

In the northeastern corner of the State several wells have l)eensuuk 
on tlie Denver/Pexas and Fort Worth Road. They strike water at from 
1(K) to ;iOO feet, whi(*h is artesian in character, but is not tlowing. 
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I 

Baton is the only place in this section which has attempted an arte- 
sian well. 

It was sunk to 1,872 feet by a company of citizens in 1887. It was 
intended for a town snpply, but no flow was struck. After passing 
through the surface formation this well went through dark, sandy shales 
to 1J29 feet, then 14 feet of filne, black sand from which hot mineral 
water rose to within dOO feet of the surface ; then 74 feet of shale fol- 
lowed by 61 feet of fine, dark-brown sand which had more of the hot 
mineral water, rising to about 300 feet of the surface. 

J. 8. iSheeter says of this well — 

I believe for the most part our country can be succeasfally prospected for artesian 
water. Oar experiment at Raton was a partial failure, not getting a flowing well, 
bat one that would famish a strong pumping stream. I believe we would have 
reached a flowing stream bad we not gone so close to (he mountain. The mouth of the 
well is located at the very foot of the moantain and upon much higher ground than 
the body of the town. We have plenty of natural artesian streams around us that are 
perpetaal in their supply, viz, large mountain springs, lak« s on top of mesas, etc., 
which are at much higher elevations than the valleys and lower table-lands. 

In addition to the wells before given one was sunk near Fort Win- 
gate by the Cosmopolitan Petroleum Company in 1883. Prof. N. A. 
Bibikoo, the former geologist of the Atlantic and Pacific Kailroad, 
Albuquerque, N. Mex., reports that at a depth of 75 feet water was 
obtained, flowing 12,000 gallons per day, and at 106 feet 80,000 gallons 
per day. 

It woald seem, from the hurried inspection that could be given and 
from the meager information obtained, that there are a number of 
regions in New Mexico where some of the conditions for an artesian 
flow may exist. To one going through the country for the first time the 
impression is one of extreme aridity. Few springs, no streams frequently 
over hundreds and thousands of square miles. The evidence in regard 
to the great body of underground water, frequently at very moderate 
depths, therefore, struck one with sur])rise. Such evidence repeated 
from place to place had a cumulative efiect to a person in such circum- 
stances that it would not have to a person in other surroundings. The 
development of such supplies in New Mexico has not been begun. 
The knowledge thus far had is due to accident, not to a systematic 
development. With a fuller development there is every reason to 
believe that the quantity of water obtained will surprise even those 
who know what has so far been found, and that mtany of the plains 
which now are truly deserts will be such garden spots and centers 
of firuit culture as the.climate permits. 

L. M. Lang^ of Boswell, says : 

I have traveled all through Colorado, New Mexico and part of Arizona, and I 
have never witnessed anything; to equal the spring rivers of this country. They are, 
in fact, spontaneous rivers. We are better blessed with water than the average 
Western country, and still we have fully 1,000,000 acres of as fine land as there is m 
the world, that can never be reclaimed except by the artesian process. I hope by this 
time next year I may be able to solve the problem, as I am the only one in the 
conntry who has an artesian plant. It is also a prospecting machine, as dimension of 
drill is only 3 inches. I hope our country will be ahle to command your personal 
attention, as the field is worthy of it. 

From P. F. Oarrettj Roswell. 

As indicated on blanks, I could give you no idea of number and extent of springs, 
nor the flow of water from them in the space there allotted. 

I will fir&t mention artesian wells. Many have been contemplated, and hut one has 
been attempted, that of L. M. Long, the work on which has been suspended on account 
of accident to machinery. 
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Take tbe rivers and springs in rotation as they are Important in magnitude. 

Rio Pecos, — ^As you know, this river traverses ranges 25 and 26 east, north of the 
second correction line, and also south of that line for a distance of about 20 miles 
when the bends run into range 27 east occasionally, but the principal portion of tiie 
river is embraced in range 26 as far south as township 19 south, when it bears east 
and traverses ranges 26, 27, 2d, and near line of Texas, 29 east. 

Rio Hondo, — ^This river is formed by the confluence of Rio Bonito and Rio Rnidoso, 
in township 11 south, range IH east, and running ea:3t, confines itself to townships 10 
and 11, and discharges into the Rio Pecos. 

NoTM Spring River. — This stream rises in section 36, township 10 south, of range 2:} 
east, from monstrous springs. Twenty yards from the head this stream is fully 40 feet 
wide and averages that for a distance of about 4 miles running eastwardly, where it 
empties into the Rio Hondo, in section 34, township 10, range 24 east. There are ^wo 
slight falls in the course of this river. It runs smoothly without any rush. The water 
is limestone with an almost imperceptible tinge of gypsnm. It is clear and limpid 
with a depth of 2 to 4 feet. No watershed audit has never varied (rising or falling) 
1 inch within the memory of the oldest citizen. There are no rocks of importance at 
its head nor along its banks. The volame of water is increased along its route by 
several valuable springs. 

South Spring River, — This river rises in section* 22, township 11 south, of range 24 
east. The description of North Spring River will apply to South Spring River, ex- 
cept that it is deeper, not so broad, the water runs much swifter, clear, same class of 
water, no rocks, carries about the same volume, no important nse and fall, is about 5 
miles long, runs north of east, and empties into the Rio Hondo in section 9, township 
11, range 2S>f 700 yards from Rio Pecos. 

Middle Berando River. — This river rises in section 5, township 10 south, of range 24 
east, from springs. It is about one-half the size of North Spring River, runs more 
rapidly, same clasn of water, few rocks, very seldom rises, always full supply, forms 
confluence with the North Berando Spring in section 14, and South Berando River 
in section 22, township 10, range 24, empties into Rio Hondo in section 25, township 
10, range 24. 

North Berando Spring. — ^This spring is in section 11, township 10, range 24. It snp- 
plies water to irrigate two good farms and swells the Middle Berando River in sec- 
tion 14. Same class of water. Length of stream aboat 500 yards. 

South Berando River, — Rises in section 17, township 10 south, of range 24 east, from 
springs. Carries nearly as much water as the North Berando : same class. Descrip- 
tion of latter named will describe this. The above three Berandos deposit their 
waters in Rio Hondo. 

Bitter Creek and Springe, — ^This creek comes from a lake in section 9, township 10 
south, of range 25 east. This lake is fed from subterranean sources. The valley 
abounds in springs, and they feed this creek all along its course. There is anotht'r 
(nameless) creek which runs into the Rio Pecos (a distance of about 400 yards) in 
section 15. This (Bitter) creek is about 3 miles long and empties into the Rio Peeos 
in section 28, township 10 south, 25 range east. Water strongly alkali. Sufficient 
water for half dozen farms — three in operation. 

Seven Mile Spring, — ^This is 7 miles south of mouth of Rio Hondo. A contin na- 
tion of very free springs, capable of supplying water for three or four farms. It 
rises in section 13, township 12 south, of range 25 east, and runs int<o the Rio Pecos 
in section 20, township 12 south, of range 26 east. Splendid water. No rocks. 

Nine Mile Spring, — ^Nine miles south of mouth of Rio Hondo. Rises in section 31, 
township 12 south, of range 26. Empties into Rio Pecos in section 33, township 12 
south, range 26 east. Fac simile of Seven Mile Spring. 

Rio JFWU.— This stream empties into the Rio Pecos in section 35, township 13, range 
26. It rises in the mountains more than 50 miles west of the Pecos, runs a fine stream 
of water for 4 or 5 miles, sinks, and rises again a considerable stream within 3 or 4 
miles of the Pecos. Fine waters, 25 feet broad (in puols), 3 miles from Pecos. Sub- 
ject to sudden freshets from its head. 

Rio Petuuco. — Rises in mountains 68 miles west of the Rio Pecos, runs 8 milos, 
sinks, rises again in section 18, township 18 south, of range 26 east. Plenty of water 
at head ; size and class of bouth Spring River. However, acequias have been taken 
out at the sinks, and it is said that <:attle have trodden it down so that water runs 
some 30 miles in old bed. The land is being rapidly located. 

I have taken you down the Rio Pecos some 50 miles and have left out many springs 
and living lakes. I could go on to Seven Rivers, Rocky Arroyo, Black River, Dela- 
ware River, Grape Springs, and various minor streams, springs, and lakes. The water 
sinks in several of them, but often rises again. One branch of Seven Rivers nans 
under a mountain and disappears. The banks of the Rio Pecos are studded with 
excellent springs. One spring (although on both sides the Pecos) yields more water 
than tbe supply of the city of Denver. This, according to the resident engineer of 
the Pecos Irrigation and Investment Company, who is a resident of Denver. I would 
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lik6 to show yoa, or any one, if interested, the water fooilities of the Pecos Valley. 
Few know or appreciate them. There ate dozens of living lakes, said to be bottom- 
less, within 5 miles of my ranch, abounding in fish, and from several of which water 
is flowing above gronnd Into the Rio Peoos. 

I am very much interested in any enterpriae which will tend to utilize the immense 
amoants of water now (sometimes seeping and sometimes rushing) beinff wasted 
through subterranean ohannels, only feeding the Bio Pecos, a great si7ie<C monster 
already gorged, when thousands of acres of arid lands, unappropriated, are gaping 
with parched Jaws for that wasted substance which would clothe them with verdure. 
I have ever done what I could for any promising scheme which pointed in this direc- 
tion. I am proud that I was a factor, in its incipiency, in the saccees of The Pecos 
Irrigation and Investment Company. It is a success, past a peradventnre. These 
companies have seized what is m sight, but there is a mine beneath our feet. 

I have pondered over this artesian water business for some years. What has always 
held me baek was the expense ; so much heavier here than where they possess railroad 
facilities. We are about i^ miles from any railroad ; there is one in course of oon- 
strnction that will relieve us, without doubt. I would like to correspond with you 
upon this' subject of artesian wells. Do you not think (jk>vemment might assist a pri- 
vate enterprise where ample guaranties are offered f 

I have mentioned that some streams supply water for a certain number of ^farms. 
In explanation I will say that from 60 to 80 acres in cultivation is considered* a fair 
farm In this section. 

S. Ex. 22 16 
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The following observations, prefatory to my detailed report on the 
artesian and nndergroand water supply of the State of Texas, west of 
the ninety-seventh meridian, made by me pursuant to instructions, are 
respectfdlly submitted : 

ARTESIAN FLOWINO WELLS. 

West of the ninety-seventh meridian there are, in all, between 650 
and 700 flowing weUs, ranging in flow from 1 gallon to 1,000 gallons 
per minute, and in depth from 15 feet to 1,852 feet, and in cost from 
t25 to $7,200* The greatest number of flowing wells are situate in the 
counties of Bosque, Somervell, Tarrant, and Hood, and in these the 
average depth is from 200 to 500 feet, a few exceeding this depth. The 
average flow is between 10 and 20 gallons per minute, a limited number 
reaching 60 to 100 gidlons, and a few exceeding this ; some reaching a 
flow of 300 gallons per minute. The largest wells in the State are those 
at Waco, 5 of which jointly flow about 5,000,000 gallons per diem. All 
of the flowing wells except 31 are situate east of the one hundredth 
meridian, and as a factor in irrigation at present, count for little or 
nothing. Gtood palatable water is found at comparatively shallow 
depth only east of the ninety- ninth meridian, and north of aline drawn, 
say from the southwest corner of Bandera County to Aransas Pass. 
South of this line and. west of the ninety-ninth meridian as far as the 
one hundredth meridian, all the flowing water obtained from well is im- 
pregnated with salt, coal oil, gas, and various compounds of soda, sul- 
phur, gypsum, and is generally unflt for irrigation or any other purpose. 
The wells east of the ninety-ninth meridian are in material that a non- 
geologist would locate as underlying the coal measures, while the min 
eral wells are in the coal measures and partake of all the evil smells 
and flavors that these strata afford. As a rule good water (flowing 
wells) can be obtained anywhere east and north of the coal measures at 
a depth not exceeding 1,000 feet. A flow of 10 to 100 gallons per minute 
can be obtained at fh)m 200 to 500 feet, with an increase of flow as the 
depth is increased. South of the line from Bandera Oonnty to Aransas 
Pass, and west of the ninety-ninth meridian, flowing water is found at 
a depth of 500 to 1,600 feet, but bad water is encountered at 50 to 100 
feet and does not appear to improve at greater depth, though the well- 
borers and others claim to a man that there is good water in the last 
deposit of water that was struck in nearly every well that I examined. 
I confidently believe that there is much truth in the assertion, knowing 
that until within the past two or three years there was not an appa- 
ratus in the State that was adapted for deep borings, and that most of 
the men were new in the well-boring business, and that a majority of 
faQores were due to inexperience and the improper tools used. 

343 
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West of the one hundredth meridian as far as the Pecos Biver, in 
\Yhat might be called the " semi-arid region," there are a few flowing 
wells, none of which are over 150 feet deep and all of which were 
foand accidentally. There are 3 in Hockley Goanty, 1 in Dallam Gonnty, 
1 in Lnbbock, and 1 in Midland Gonnty. The flow firom any of them is 
insignificant, except that in Midland Gonnty, and this well is more of 
a spring or underground stream than a well, presenting a feature not 
common to the rest of the county. 

In the arid region west of the Pecos Biver, in Beeves Gounty, there 
are 26 flowing wells. Twenty-four wells are at Pecos Gity, varying in 
depth from 185 feet to 300 feet, and in fiow from 20 gallons to 300 gallons 
per minute. Twenty>two miles west of there, at Toy ah Station, are 2 
flowing wells, one of which is 832 feet deep. The flow from this well is 
300 gallons per minute. The water contains sulphur, but judging 
from the appearance of a 6-acre giurden irrigated from it^ the water is 
beneficial rather than otherwise to plant life. 

As to whether or not flowing wells can be used to advantage in irriga- 
tion, I think it is simply a matter of capacity and relative cost as well 
as locality. Taking the equivalent of 36 inches of rain-iall as the maxi- 
mum quantity of water required to produce a perfect crop, the duty of 
flowing wells in different localities will be about as shown in table below. 

The growing season in Texas varies in length in accordance with 
altitude and latitude. South of the thirty-first degree of latitude the 
growing season may be said to last from the 1st of April to the Istof 
December, as frosts are rarely encountered between these dates. North 
of this latitude it might be safe to figure from the middle of April t/o 
the middle of November, both of these limits being good east of the one 
hundredth meridian. For the Pan Handle and the western part of the 
State to the Bio Grande, the growing season may be fixed as beginning 
about the 1st of May and ending about the Ist of October, no serioas 
frosts being expected within these dates. The length of the growing 
season is such that with proper facilities for irrigation the &rmer is 
enabled to produce more than one crop during the season. 

The time in which irrigation can be applied to best advantage varies 
with the altitude and may be given at about as follows : Between the 
ninety-seventh and ninety-ninth meridians, June, July, and August; 
between the ninety-ninth and one hundred and thira, March, April, and 
July ; west of the one hundred and third, at all times during the grow- 
ing season. The dryest weather in central Texas is in midsummer, and 
the dryest in the Pan Handle and Staked Plain in winter and early 
spring. The rainy season of the Trans-Pecos country is in June, July, 
and August. 
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Between 07tb and 00th 


Between 90th and lOlst 




meridlane, altitade 


meridians, altitade 


CSkpaeity of 

woUsper 

minute. 


TOO to 1,500, niinimum 


1,500 to 2.400, minimum 


rain-fall t7 Inches. 


rain-fall 20 inohes. 


Amount of wai er to be 


Amount of water to be 


•i ppUed ia incbee, 
or 244,380 gallona per 


supplied is 10 inches, 
or 484,464 gallons per 




acre.* 


aore.t 


€MU»n$. 


AetM, 


Aer€S, 


6 


10.2 


6.0 


10 


21.2 


11.8 


20 


42.4 


28.6 


40 


84.8 


47.2 


00 


127.2 


70.8 


100 


212.0 


118.0 


800 


836.0 


354.0 


SOO 


1,080.0 


500.0 


1,000 


2,120.0 


1,180.0 



* Allotting the eoiiiTalent of a 8-ineh rainfall onlj three irrifationa of 81,462 gallons are neoesaary for 
each aere, and if toe water is stored this can be easily done, 
f Thia will allow fire irrigations of 8i inches, or 86,803 gallons fat each acre. 



1 


Between lOlst and lOSd 


Between 103d and 106th 




meridians, altitude 


meridians, altitude 


Capacity of 

wells per 

minnte. 


2,400 to 3,100 feet, 


3,100 to 6.0GO feet; 


minimum rabifall 16 


rainfall not taken into 


inches. Amount of 


consideration. Amount 


water to be supplied is 


of water to be sup- 




20 inohea, or 648,080 


plied i» 36 inches, or 




gallons per acre.* 


977,614 gallons per acre.l 


OaUona, 


Aeres. 


Acret. 


5 


4.7 


2.6 


10 


9.4 


6.2 


20 


18.8 


10.4 


40 


87.6 


S0.8 


60 


66.4 


8L8 


JOO 


94.0 


52.0 


SOO 


282.0 


156.0 


600 


470.0 


260.0 


1.000 


940.0 


620.0 

* 



* Thia will admit of aix irrigatioDs of 8| inohes, or 90,618 gallons for each acre, 
t Thia will admit of twelve irrigations of 3 inches, or 81,462 gallons for each acre. 

BemarJcs. — ^The within estimate is made on the basis of allowing each 
acre t^e ^aivalent of a 36-inch rain fall each year. Whatever falls 
natarsJIy is counted in, and only the difference between the actual 
minimum rainfall and the total allowance is supposed to be supplied 
by irrigation. The annual duty required, between meridians 97 and 
101, of the wells will vary greatly with each year. Fine crops are 
grown without irrigation, and in some years the crop is as perfect as it 
can be on unirrigated land. The yield could, however, be greatly in- 
creased and crop-making made more certain by irrigating. In the 
ordinary run of years the same wells will probably irrigate more land 
than above estimated, and only in an exceptionally dry year will the 
limit of capacity be reduced to the figures given. Between meridians 
lOL and 103, the equivalent of a 12-inch rain fall is, in ordinary years, 
ample and sufficient. Two or three irrigations during the year are* 
generally sufficient for vineyards and orchards. In order to provide for 
a droutby year, I have allowed 20 inches. 
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PROFIT OF ARTESIAN WELL INVESTMENTS. 

As to whether or not an artesian flowing well will pay as an irriga- 
tion investment depends npon several things : First the cost, and 
second the capacity. 

A flowing well, say in Stephens connty, 200 feet deep, costing $200, 
flowing 5 gallons per minute, and irrigating 10.6 acres, ought to pay, 
if an annual water rental of $2 per acre can be obtained. This 
would yield an annual income of $21.20, over 10 per cent of the cost 
per annum. If the same well were 500 feet deep and had cost $500, 
it would barely pay low interest on its cost. If the same well, costing 
$200, yielding only five gallons i>er minute, and irrigating only 2.6 
acres, as it would in the trans- Pecos country, it would not pay. A well 
at Pecos City, costing $600, flowing 100 gallons per minute, will irri- 
gate in that country 52 acres. Figuring at $2 per acre for wat«r 
rent, the income would be annually $104, or 17.3 per cent. This well 
would pay. In Bosque County the same well would iftigate 212 acres, 
and allowing only $1.00 per aore for annual water rent, the income 
would be $212, or 35.3 per cent on the cost. 

The advertised capacity of the five flowing artesian wells at Waco is 
given at 5,000,000 gallons per diem, and the cost of the same is ap- 
proximated at $32,000, it being admitted by the owners that at the 
present time the same wells could be bored for much less money. 

If these wells were used for purposes of irrigation they would have 
the following capacity : Their annual flow would be 1,825,000,000 gal- 
lons. This quantity would irrigate at Waco, allowing 9 inches of water 
for each acre, 7,467.6 acres. A water rent of $1 per acre would pay 
$7,467.60^n the money invested, or 20.21 per cent. The same plant 
used between meridians 99 and 101, allowing 16 inches of irrigation 
water to each acre, would irrigate 4,200.3 acres, which at an annual 
water rental of $1 per acre would yield $4^200.30, or 13.4 per cent, on 
the investment BetwtBen the meridians 101 and 103 more water per 
acre will be req uired, say about 20 inches per annum. The water would 
be used for growing the raisin grape and the finest of California fruils. 
The user of the water could rei^ily pay $2 per acre annual water rent 

In this region, which includes the Pan Handle and the Southern 
Staked Plain, the Waco plant would irrigate 3,360.4 acres. The annual 
rental would amount to $6,720.80, or 21 per cent of the cost of the 
plant In the trans-Pecos countiy, or arid region, where the allow- 
ance per acre is the equivalent of a 36-inch rainfall, the duty of this 
plant would be 2,080.8 acres. The annual water rent, at $2 per acre, 
would amount to $4,161.60, or 13 per cent 

In the estimate of water to be furnished each acre, the evaporation 
does not enter into the calculation. East of the trans-Pecos country 
it is an unknown quantity, changing with the weather, and compensa- 
ting itself by the dews and rainfalls between times. For the trans- 
Pecos country the allowance is liberal enough to provide for the evap- 
oration. The estimate of capacity is bas^ on the supposition that 
each farmer or fruit grower will have storage reservoirs on his place 
sufficient in capacity to hold the equivalent of 3 inches of rainfall for 
each acre. The deeper this reservoir and the greater the quantity of 
water held in storage in one place, the less will be the evaporation to 
*the square foot. If due care is given to the storage, namely, the re- 
duction of the surface to the minimum area, the better are the pros- 
pects of reducing the evaporation to the minimum quantity. The 
amount of evaporation will depend greatly on the depth of the reser- 
oir and its surface area. 
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From the observatioDS given above, I feel safe in saying that the 
artesian flowing well will become an important factor in irrigation, not 
only in the arid part of Texas, but also in the hnmid and subhamid 
localities, as soon as its value becomes known. 1 believe that my esti- 
mates are conservative, both as to duty of the wells and income de- 
rived. An artesian-well plant that can supply 100 fruit farms of 20.8 
acres each with 36 inches of water is a grand success when it yields 
13 per cent, annual interest on its cost. This plant at Waco cost about 
132,000. 

It would pay as an investment if the plant cost $64,000, for then it 
would still be bearing 6^ per cent, interest on its cost. Now, in the 
Pecos Valley, I am satisfied, a flow of 1,000 to 3,000 gallons per minute 
can be secured from* 8 or 10 inch wells at a depth of 1,000 to 2,000 feet. 
At the town of Pecos, flowing water under considerable pressure is 
found at 185 to 300 feet At Toyah, 20^ miles west and 385 feet 
higher, this water is encountered at the same depth, but does not flow. 
At 832 feet is a strong flow of 300 gallons per minute, containing sul- 
phur, but it is claimed that the bottom water is pure, and that the sul- 
phur water comes from above, and that the flow would be pure if the 
well was properly cased. Now, if the same deposit of water were 
pierced at Pecos City the pressure would be increased by the weight 
of a column of 385 feet, or about 146 pounds to the square inch. 

The artesian belt of the Pecos Valley extends probably from the 
mountain ranges of central New Mexico and the mountain ranges in 
Texas, 40 to 60 miles west of the river, to the Davis Mountain in Pecos 
County, say a territory 40 to 80 miles wide and from 200 to 300 miles 
long. In this region there is a tremendous underground flow trending 
Bontheastwardly , and deserving a most careful investigation. 4ts course 
is but indistinctly outlined, but I am inclined to believe that it flows 
eastwardly and southwardly i^m the Guadaloupe and other ranges 
until it reaches a barrier formed by the Davis Mountains. Here the 
vast stream is turned eastwardly, passing along the southern edge of 
the Staked Plain to about the one hundred and first meridflan, where 
it divides into numerous underground rivers, which form the springs 
of the Concho, San Saba, Llano, Hondo, Frio, Leon, Salado, Guada- 
loupe, San Antonio, San Marcos and numerous other rivers of soutb- 
eastem Texas. 

As to the water supply west of the Guadaloupe, Davis, Carrizo, 
Diabolo, and other mountain ranges, it can only be said that the sur- 
face supply is scarce — very scarce, in fact — and that the railway borings 
do not promise much in the way of an abundant supply of wat^ ibr 
irrigation either from artesian or common wells. Professor Steeruwitz, 
who has made a geological examination of the country, gives it as his 
opinion that flowing wells will never be found in the great prairies lying 
between the different mountain ranges. 

On the other hand, old residents and practical well-borers whom I 
have consulted do not concur. They reason that the forces which were 
snfBcient at some remote period of time to throw up the mountain 
ranges were also sufficient to tear up the country lying around and be- 
tween the different ranges. They give it as tbeir opinions that the 
mesas were, immediately after the disturbance that formed the moun- 
tains, very broken and hilly ; that underneath their smooth surfaces, as 
now seen, are hills and valleys, river channels, Hnd lake basins; and . 
that afterwards, by erosion, the mountains were reduced in size and 
the lower-l^'ing lands filled up with the debris, and that it is not at all 
improbable but that by systematic efforts vast quantities of water will 
be found under these mesas-^some held in suspense in old lake basins, 
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some flowing iu undergrouiid streams, and other supplies held ander 
pressure — that woald rise to the surface^ if penetrated. 

It is held, also, that there is an undergroand stream of great volame 
which works its way ander the bed rock and flows soathwardiy and 
southeast; that it originates in Colorado and Kew Mexico, flowing 
sontherly until it reaches the southern extremity of the Organ Bange; 
it then passes between the Organ Bange and the Franklin Mountains, 
and again between the x'ranklin and Hueco Mountains, flowing east- 
wardly until it is diverted southerly by the Quitman Range, where part 
of its' waters are emptied into the Bio Orande. 

The existence or nonexistence of this underflow should by all means 
be determined, for on its existence depends the irrigation of perhaps a 
million acres or more of its rich fruit and farming lands. Those who 
have more carefully examined into the water supply, among them Major 
Logan, of Fort Hancock, Tex., believe that flowing wells can be ob- 
tained wherever this stream can be penetrated. It is not improbable 
but that in a number of valleys or plains lying between parallel ranges 
trending north and south a similar underflow will be found. 

In the southeastern part of El Paso County and in Jeff Davis, Pre- 
sidio, and Pecos Counties are several mountain ranges that seem to cut 
off the underflow from the country south of them. As shown by the 
well borings in that section, the water lies very deep, the supply is 
scant, and the wells show no artesian characteristics. The whole of 
the transPecos district is worthy of a most careful survey, and the 
work now begun should be carried on systematically until the course, 
direction, and quantity of the underground flow has been well deter- 
mined. The Pan Handle and Staked Plain of Texas offer an immense 
field for further investigation, as 85 per cent, of the common wells 
dug and bored in this region show indications of artesian origin of the 
water. 

The deepest well in this vasf territory is only 800 feet deep, and re- 
sulted in failure, owing to inadequate machinery and inexperience of the 
parties doing the work. Of the many persons whom I have consulted, 
and who were perfectly familiar with the water supply of this part of 
Texas, all were of the opinion that flowing water could be obtained at 
1,000 to 1,500 feet depth, and further, that the water would be free from 
obnoxious mineral ingredients. 

Water in abundance is obtained in common wells at a depth of 20 to 
150 feet, and 200 feet in a few instances. Along the southern and east- 
ern edges of the Staked Plain are thick deposits of a red joint clay 
which have been penetrated to a depth of 400 and 700 feet and no water 
obtained. It is believed that there is flowing water below and north of 
them, and that these deposits act as a retaining wall, diverting the 
underflow of the Staked Plain and country north of it to the eastward. 

It will be noted that there are no streams of water issuing from the 
southern end of the Staked Plain, and that there are no streams in either 
Ward, Grane, Upton, or Crockett Counties that flow from the north or 
northwest, the nearest flowing surface water being the North Concho, 
along the east line of Glasscock county. East of the plain are the vari- 
ous tributaries of the Colorado and Brazos, all of which derive their 
water from either the Pan Handle or the Staked Plain. Between the 
one hundred and first and one hundredth meridians, or rather from the 
edge of the Staked Plain to the one hundredth meridian, salt has been 
found in the deep wells. It generally lies deep enough not to interfere 
in common wells, but in boring for flowing wells to a depth of BOO to 
1,000 feet, as at Colorado City and Big Springs, beds of rook salt have 
been encountered at a considerable depth. 
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At Golorado tfae brine obtained is used in the mannflftctare of salt, 
and atBig Springs the water (salt) comes to within 3 feet of the top of the 
welL It is claimed tor the fonr wells bored at Colorado, 1,000 to 1,200 
feet deep, and the one at Big Springs, 60 ( feet deep, that the bottom 
water in each is pnre, and that by boring a few hnndred feet more a 
flow of good pure water wonld have ^en obtained. In the tier of 
GoantLes immediately west of the one hundredth meridian there are, in 
places, large deposits of gypsam, which in a number of wells make the 
water unpalatable, bnt which wonld nevertheless be useful for irriga- 
tion. Ctood water is found in a majority of the common wells, but oc- 
casionally the water is strongly impregnated with *^ gyp." 

Between the ninety-ninth and one hundredth meridians, and extend- 
ing^ south from a line drawn from northwest comer of Bandera County to 
Aransas Pass, mineral, salt, oil, soda, sulphur, etc., have been found in 
meet of the deep borings, and a majority of the flowing wells have the 
same characteristics. The flowing wells vary in depth from 500 to 
1,000 feet, but it is also claimed that there is good water below, that all 
the impurities are from upper layers, and that if the wells were properly 
cased good water would be obtained. 

In some counties, like Eastland, Palo Pinto, and a considerable 
number of others, salt or mineral water is obtained at 30 to 60 feet, and 
water for household uses is stored in cisterns. In nearly all these coun- 
ties th<ure are thousands of locations for small storage reservoirs, vary- 
ing in area itom one-half acre to 60 acres. Many of the ravines are worth- 
less for agricultural purposes, and could be put to excellent use in this 
manner. As a rule, the soils are composed of a clay that is excellently 
adapted to the construction of dams, and when built of this material 
they will hold water like a jug. If it should be deflnitely determined 
that flowing wells of good irrigable water can not be secured, this sec- 
tion of Texas can nevertheless be converted into a magnificent farming 
eonntry by the construction of dams alon%« The rainfall is ample and 
safficient on the sandy loams in this region, but the clayey soils shed 
more water, and absorb less, in consequence of which the crops suffer 
more during the dry spell than they do on sandy soils. The wells, 
where they are situate on clay lands, dry out, while the wells in sandy 
lauds are lasting during a drought. There are very few farms on the 
clay lands where a reservoir could not be built with a few days' labor. 

If all the farmers between the ninety-seventh and the one hundredth 
meridians would devote more of their time to constructing storage dams 
than to regulating railroads, they could completely change the climate 
of this region. The water detained in the reservoirs during the rain- 
storms would not reach the hundreds of creeks that are dry half the 
year, and angry torrents the other half. Every year several million 
dollars are lost through disastrous overflows, all of which could be 
avoided. The seepage from these thousands of tanks or reservoirs would 
keep water in the wells, create thousands of springs where there are 
none now. The creeks would, in consequence, carry water all the year. 
If necessary to irrigate, the water would be at hand, but the probabili- 
ties are that if everybody had a ^< tank " the evaporation from these nu- 
merous bodies of water would bring about such an inequality in the 
temperature of the region that summer rains would be the order of the 
day, whereas now they are of rare occurrence at the time when most 
needed, namely, in June, July, and August, at which time com, cotton, 
and fruits need rain the most. Between the one hundredth and one 
hundred and th|rd meridians the construction of thousands of ^* tanks " 
or reservoirs would also have a most beneficial effect The rainfall is 
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most needed there in March and April, when winter wheat is stooling. 
The weather is generally warm enough to give the crop a good start, 
if it had the necessary moistare. If one single irrigation could be then 
applied, or a single rainfall induced by the evaporation from these 
tanks, the wheat crop would average 40 bushels instead of 20« As the 
rainfall is nil during December, January, and February, the rainfall of 
September, October, and November must be stored, and where this is 
insufficient, it must be reentbrced by artesian flowing wells or common 
wells with windmill attachments. 

Between the ninety-seventh and ninety-ninth meridians flowing water 
can beyond doubt be obtained almost anywhere at a depth of 500 to 
1,000 feet, but to secure a large flow, say 1,000 gallons per minute, the 
depth will have to be between 1,500 and 2,000 feet. As the presence of 
artesian water in great quantity at 1,852 feet has been found at Waco, 
a number of Texas cities, like Cleburne, Dallas, Fort Worth, Sherman, 
Abilene, El Paso and a number of others, have been sufficiently en- 
couraged to raise the necessary capital to bore 2,500 feet, if necessary, 
to secure a similar flow. 

Between the ninety-ninth and one hundred and first meridians the 
borings have been failures throughout. In most cases, as at Gisco, 
Eastland, Baird, Colorado, and Big Springs no flow was secured, leav- 
ing the few small shallow wells at Wayland, Stephens County, out of 
the calculation on account of their small flow. Where a flow has been 
secured, it was either mineral, as at CotuUa, La Salle County; impreg- 
nated with salt, coal gas^, etc., as at Trickham, Coleman County ; Gor- 
don, Palo Pinto County ; San Antonio, Eden, Concho County, and other 
places. The pressure necessary for artesian wells. is present in all the 
wells mentioned. 

The general opinion of the residents is that the artesian deposit is 
good water, and that the obnoxious ingredients come in from the upper 
layers, and that the work of boring, in most cases, is badly done. 
Knowing, as I do, that first-class drilling rigs have only been intro- 
duced in the State within the past two years, I believe that there is 
much truth in the statement and do not hesitate to give it as my opin- 
ion that a flow (over 500 gallons or more per minute) can be secured p»t 
a depth of 1,800 to 2,000 feet, and guided by the opinions of others I 
think there is a reasonable prospect that the water will be of good 
quality if the upper water deposits are carefully cut off. If the water 
contains gypsum or sulphur it will not be injurious to plant life and can 
be used for irrigation. A flow of 300 gallons per minute ought to fur- 
nish the equivalent of 16 inches of rainfall to 354 acres between me- 
ridians 99 and 101, which ought to be worth $2 per acre, water rent, to 
the consumer and should pay $708, or 17.7 per cent, interest on the cost, 
supposing the well to be 2,000 feet deep and to cost $4,000. The $708 
would be 10 per cent interest on $7,080, or 5 per cent, on $14,160. 
There is sufficient margin to secure a paying interest on the capital in- 
vested at either figure. 

On the Staked Plain and Pan Handle, meridians 101 to 103, the same 
well would irrigate 282 acres, 20 inches deep, and in the Traus Pecos 
country 156 acres, 36 inches deep, where it would, at the same water 
rent per annum, pay 7.8 per cent, on $4,000, or 3.9 per cent, on $8,000, 
capital invested, wiih chances in favor of the investor of securing double 
and triple the flow, and increasing thereby the income in the same pro- 
portion. 

The section of Texas in which the artesian flowing ^ell question is 
unsettled, is all that part lying west of the ninety -ninth meridian. The 
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people there have done what they could with their limited meaDs. To 
them a saffioient water supply means every thiug, but, with the exceptioq 
of the town of Abilene, they are unable to make such borings as there 
should be made. They can not contract for borings deep enough to 
induce men with suitable machinery to come to Texas and do the work, 
and then to have to stop several hundred feet from good water because 
the money gives out means disheartening failure. If one flowing well 
with good water is secured, flowing 300 to 1,000 gallons per minute, and 
it is proven beyond a doubt that the water is there, no trouble will be 
met with in securing all the money wanted to bore hundreds of flowing 
wells thereafter. 

In presenting a condensed review of my observations * I submit also 
the conclusion I have arrived at; that I have seen eu6ugh to warrant 
the statement; that a further examination of the underground water 
is essential to the prosperity of the agricultural population of our 
western country, and that the work now begun should be vigorously 
.carried on, as it can not fail to settle and dispose of many vexations 
questions affecting our national prosperity, as well as the individual 
welfare of the tiller of the soil. Any farm with 10 acres under irriga-' 
tion would support a family in time of drouth. There may be no profit 
made in a drouthy year, but the farmer will not have starvation staring 
him in the face. If the National Government can bring about this con- 
dition on our western farms, by disseminating information, by locating 
the underground water supply, and teaching the people its value, and 
the most economical means of applying it to theil* lauds, the crowning 
work of the centniy will have been accomplished. I therefore venture 
to make the tbilowing: 

BEOOHMENDATIONS.-* 

That as the farmers of the subhumid region, including all that conn- 
try lying between the ninety-seventh and one-hundredth meridians and 
the Gulf of Mexico, and the British Possessions, suffer annually to the ex- 
tent of several hundred million dollars in the loss of yield in crops, caused 
by virtue of excessive rain-fall in one part, and by drought in another 
part of the growing season, and that these losses can be greatly dimin- 
ished by providing proper means for drainage and irrigation, and also 
that the subject of drainage and irrigation is but little understood by 
the farming population of this portion of the country ; that there should 
be printed and distributed, at the expense of the National Government, 
a million or more copies of a pamphlet to be prepared by the Depart- 
ment of Agriculture, treating on the subject of drainage and irrigation ; 
and to be printed in the common vernacular of the country ; and be as 
free as possible from technical, or local terms. This pamphlet to con- 
tain information as to the most economical methods of draining and 
irrigating ordinary farm lands ; of utilizing the drainage for irrigation 
when needed; of constructing drainage ditches, irrigation ditches, flumes, 
storage dams, and storage reservoirs to irrigate from 1 to 1,000 acres ; to 
cost and details of constructing common wells and methods of raising 
and applying the water ; the capacity of wells with regard to acreage 
and Uie details of actual irrigation, showing how and in what manner 

*Mr. BoeBler submits on his own r^poosibility the following conolnsions and rec- 
ommendations. They are eiven in this wise, then, as those of a man of keen intelli- 
gence, highly trained in the work called for by this inquiry but without the com- 
mittal of the Department or the artesian wells inyestigation. 
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the water is applied to the laud, and such other information that is ger- 
mane to the subject. 

The pamphlet to be issned free of cost to any fanner who will apply for 
a copy to his Representative or his postma^ter^ or to the Secretary of 
the Department of Agricnltnre if resident west of the ninty-seventh 
meridian. 

I would further recommend that the country lying west of the one 
hundredth meridian and east of the Bocky Mountains, extending fh)ni 
the Bio Grande Biver to the British Possessions, be divided into dis- 
tricts 100 miles long and wide, and that in each such district there be 
placed an observing corps, to consist of a topographical engineer, a 
gardener, and a testing crew consisting of a practical well-driller and 
assistants ; that such corps be furnished with appliances as may be 
necessary to make a thorough series of water tests. 

Within each such district there will be found large expanses of terri- 
tory that are sufficiently level to be irrigated and that have a rich soil 
that needs only water to make it fertile. If the Oovernment tests prove 
water m sufficiency to be present, and that it can be brought to the 
surface at reasonable cost, either by artesian pressure or by suitable 
pumping machinery, private capital will soon populate such territory 
by providing the means of securing and raising the water and enabling 
the settler to utilize it 

In connection with water observations I would also respectfully rec 
ommend that within each of such districts a small experimeintal farm, 
20 to 40 acres, be maintained by the Oovernment, and that a special 
effort be made to determine the limit of profitable culture of the standard 
crops, such as wheat, <^rn, cotton, rye, barley, oats, fruits of all descrip- 
tions, vegetables, forest trees, fibrous plants, etc. The tests should be 
made to ascertain the limit of altitude in which any of these crops can 
be grown; also there should be determined the limit of endurance of 
the various crops under stress of dry weather, the limit of drowning or 
rot by excessive irrigation, and there should also be ascertained, in each 
locality, the maximum and minimum quantity of water necessary to 
mature profitably any crop. The various methods of irrigation, with a 
view to economize in the use of water, should be tried and reported on 
in each district, and the information obtained be published for the 
benefit of the people. 

• 

paet n. 

THE TEXAS DIVISION. 

The territory comprising the Texas division of the XTnited States 
artesian wells investigation includes all of that part of Texas l^ing west 
of the ninety-seventh meridian, or a line drawn from Bed Biver, at a 
point about five miles west of the boundary line between Grayson and 
Cooke Counties, to another point about one mile east of Aransas Pass 
lighthouse on the gulf coast. The area of this territory is about 215,156 
square miles. 

For convenience of description this territory has been divided into 
three districts, bounded arbitrarily by the meridian lines, though this 
division can not be said to be strictly correct for the reason that the rain- 
fall is largely governed by the altitude, Vhich is not uniform along the 
meridians. The districts are described as follows: 

Subhumid regtaUy district No, 1. — ^All that part of Texas lying be- 
tween meridians 97 and 100 and between Bed Biver and the Bio Grande 
and the Gulf of Mexico. Area about 99,811 square miles. 
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Semi^rid region, district No. 2. — All that part of Texas^Iyin^ between 
the one-handredth and one hundred and third meridians, and the public 
land atrip on the north and the Pecos Biver where it crosses the one , 
hundred and third meridian southeast to its junction with the Bio Qrande 
and along the Bio Grande to the one hundredth meridian. Area about 
83,725 square miles. 

Arid region^ district No. 3. — ^All that part of Texas lying west of the 
one hundred and third meridian from southeast comer of New Mexico 
to Pecos Biver, all counties lying west and south of Pecos Biver, north 
of the Bio Grande and south of the south line of New Mexico. Area 
about 31,620 square miles. 

DISTRICT NO. 1. 

District No. 1 embraces eighty-seven counties, varying greatly in 
altitude, rainfall, and general characteristics. Along meridian 97 the 
altitudes vary from sea level at Aransas Pass to 722 feet at Denison on 
Bed Biver, about 25 miles east of said meridian. On the same line 
according to report of Texas commissioner of statistics for 1882, the 
rainfall varies liom 35 to 39 inches. Along the ninety-eighth meridian 
the altitudes vary from 33 to 55 feet above sealevel at the Bio Grande 
to 915 feet at Henrietta, in Clay County, on Bed Biver, and the rainfall 
varies from 26 to 36 inches. Along the ninety-ninth meridian the alti- 
tudes range from 521 feet at Bingold Barracks on the Bio Grande, to 
1,611 feet in Eastland County, and probably about the same at Bed 
Eiver. The one hundredth meridian crosses the Bio Grande at an alti- 
tude above 800 feet, reaching 932 feet in Uvalde County, 2,060 feet at 
Fort McKavett, in Menard County, 2,120 feet at Fort Chadboume, in 
Bnnnels County, and higher altitudes further north, while the rainfall 
varies from 18 inches to 26 inches. Both the Southern Pacific and the 
Texas and Pacific Bail ways traverse the district from east to west. The 
altitudes on the Southern Pacific Bailway are as follows : Flatonia, 
461; Waelder, 375; Harwood, 460; Suling, 416; Kingsbury, 613 ; Se- 
gnin, 599; Marion, 649: Converse, 717; San Antonio, 686; Dunday, 
1,008; Hondo, 900; Sabiual, 963; Uvalde, 930. The altitodes on the 
Texas and Pacific Bailway are as follows : Dallas, 466 ;Fort Worth, 629 ; 
Weatherford, 870 ; Brazos Biver, 750 ; Gordon, 875 ; Strawn, 900 ; Ban- 
ger. 1,425 ; Eastland, 1,500 ; Cisco, 1,625 ; Baird, 1,700 ; Clyde, 2,025 ; 
Abilene, 1,700 ; Merkel, 1,875. A list of altitudes along the lines of the 
Fort Worth and Denver Bailway and the Gulf, Colorado and Santa F6, 
and other railways wa« requested but not furnished.* 

As the subject of the inquiry relates more particularly to artesian 
weUs, report is first made of those known to exist. The information 
obtained is fragmentary and incomplete, owing to lack of time to make 
a thorough research. The information obtained can not be well tabu- 
lated, so as to give anything like accurate total results, but will show 
nevertheless that the question of securing water by means of artesian 
wells, receives due consideration in Texas. 

An act of the legislature of Coahuila and Texas (then a part of the 
Bepablic of Mexico), passed in October, 1827, shows that the idea of 
boring for water existed and was encouraged at that early day, though 
nothing came of it for nearly half a century. The act reads as follows : 

Leon R. Almy shall be permitted to, introdnce and establish in the State a boring- 
machine to cause water to flow spontaDeoasly to the surface. For the term of six 
yean from this date no other person shall establish machines of this description with- 
out the previous consent of the said Almy, that he may indemnify himself for his ex- 
penses and xeceiye the compensation he deserves for his trouble. 
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In April, 1857, the legislatare of Texas contracted for the boring of 
an artesian well on the oapitol grounds. The report on the well made 
Jnly 1, 1869, by Prof. B. F. Shnmard is as follows, regarding the dif- 
ferent strata passed tiirotigh : 

Depth July 1, 1859, 471 feet. 

Feat. 

Soil and subsoil 5 

Soft, white chalky iimestoue, disintegrating more or less rapidly on ex- 
posure to the air 18 

Moderately hard, blnish-gray and eream-oolored ai^Uaceoas limestone, 
containing teeth and scales of fishes, Inoaramua {JViokites), Lerouxii, 

AmmoniteSf and other fossil remains 94 

Dark, bluiBh-||^ray, indurated marl 14 

Compact, bluish-gray limestone 31 

Blue, marly clay, with fossil shells, coated with iron pyrites, chiefly 

Exogyra arietina, lanirOf luid Dentalina 70 

Hard, dark, bluish-gray, earthy, pyritiferous limestone and shale, con* 
taiuing Exogyra wrieiina^ drgpkcBa pitch^ri, /aiiira, and TaxMter. 
Many of the fossils of these strata are wholly or in part composed of 

iron pyrites • 47 

Blue, sandy, argillaceous limestone with fossils like those of No. 7 25 

Soft, earthy, sandy, flne*ff rained limestone of a duU gray hue 6 

Indurated, bluish-gray siUco-magnesian limestone, containing a good 

deal of sulphuret of iron 6 

Orayish- white, earthy, fine textured sandy limestone (magnesian f) with 

TaoMMtsr and Exogyra 13 

Bluish-gray, sand^ magnesian limestone, with thin marly partings and 
abounaing in organic remains — Exogyra arioHnafQryphasa piickerij 
lanira^ and Dentalina, and fish teeth. Many of these fossils are 
coated with sulphuret of iron, which gives to them an elegantly 

bronzed appearance 

Qray, earthy limestone, of a fine sandy textare. with gypsum, nodules of 
flint, and masses of iron pyrites, and containing alao a few organic 
remains, chiefly .Exo^^a and Toomm^ 



No. 1. 
No. 2. 

No. 3. 



No. 4. 

No. 5. 

No. 6. 

No. 7. 



No. 8. 
No. 9. 
No. 10. 

No. 11. 

No. 13. 



No. 13. 



48 



94 



At the depth of 323 feet, a vein of mineral water was strack, which rose 
within 40 feet of the sarface. A ({aalitatlve chemical analysis of 
this water bj Prof. W. P. Biddell, chemist of the (Geological Survey, 
shows it to contain the following constitaents, named in the order of 
their relative abundance : 



[TezM Ahnanao IMO.) 



Chloride of sodinm. 
Bicarbonate of lime. 
Sulphate of— 

Lime. 

Soda. 



Sulphate of— Continued. 

Alumina and potassa. 

Magnesia. 

Iron (a trace). 
Sulphureted hydrogen. 



I have not been able to ascertain whether or not this well was ever 
completed, or if a flow has been obtained. 

Modem flowing welU, 



County and pO8t*offi06. 



Atascoa* CoQDty : 
PloManton 



Owner or infoimsnt. 



Alti. 
tnde. 



FeeL 



Depth. 



FmL 
850 



Cost. 



$000.00 



How pet mf nate, etc 



10 gallons. 



San Antonio 



683 



Do. 
Do. 
Do. 
Do. 

Do. 



660 

815 
660 



11,000.00 



840 faUona, soft. 



NioBlnntser 

Baylor Coanty— Arteaian water fonnd at Seymour, at a depth of 216 feet ; flow strong. 
Bexar Coanty : 

Crrstal loe and ICana 
nctnring Co. 

....do...... 

....do 

...do 

Caroline Kampmann. 
West End Town Co . 



Do. 



f . M. Bowe. 



466 
260 



676 



1,600.00 
500.00 



! 



400«aUoiM. 
840 gallona, Roft 
100 gallons, snlphor. 
2S.0M gallons in 24 boon. 
C Two artesian weOs. flov- 
< ing 150 gallMia per nia- 
( ute. Jostrons over top. 



AKT£SIAN WJBLIiS. 



255 



Modem flowing loeZIa-— OontinaecU 



GoimtT' and post offlce. 



BoBQiie Comity:' 
Meridian ... 

Do 

Do 

Do 

Iredell 

Kopperl..... 

Morgan , 

Kimball 

Coyote 

Meridian .... 



Walnut Springs 
Cnnlill'sOap.. 
IiadeU 

Do 

Meridian 

YalleTMUls 

Meriuan 

Xology , 

Bnxoa Point ... 

Do.. 

Snlogy 

Do! 



Monpn. 



Xnlofey . 
MoriEan. 
Do. 



Monnai, 



13M.RaBt 



Owner or InjCormanl. 



Jaiu- 

tade. 



J.J.Lnmpkin 

City of Meridian... 
Dr. J. J. Lnoipkln .. 

8. H. Lnrapkin 

PnbKowell 

A. W.Childress ..... 

M.& S. Logan 

Jas. Holder 

L.W.Chafte 

Jas. M. Boberson 

Koss Barry — .f..... 

W.M. Smith 

B. A.&imer 

N.Bryant 

Henry King 

8.V.P00I 

8.J.8iddall 

Snlogy Well Co 

O.M. Adison 

A. Wamble 

P.W.Williams 

A.O.Walker 

J.H.Oabom 

J. B. Brown 

Mnirliead Water Co. 

...do 

&B.MOSS 

B.P.Lowe 

J.L. White 

8. B. Moss 

...do 



Burnet County: 

OakaUa I J.C.Kincaid 

Do 



L. S. Hine 



Fe4t 

791 
701 
791 
791 
881 
574 
734 



791 
901 



891 



791 
692 
791 



734 



Depth. 



F€€t, 

450 
680 
600 
526 
846 
525 
800 
000 



629 



585 



780 
090 
580 
501 
501 

100 
100 



Cost. 



$600.00 

1,000.00 

800.00 

600.00 

450.00 



How per minnte, eia 



860.00 



1,000.00 
550.00 



45 gallons. 
24 gallons. 
45ffanons. 

Do. 
28 gallons. 

50 gallons. 



SOgallom. 



18 gallons. 
18 to 20 gallons. 
60 gallons. 
6 gallons. 
18 salloas. 
lOOeallons. 
Do. 

1 gallon per minntew 



J. M. Kinoaid, Oakalla poet-offioe, reports three wells within one-hatf mile of eao)k other, and all lass 
than 100 fset deep ; Dow aO to 40 gallons per minute. 
Coleman County: 



THokham 
Conoho County: 
Bden 



ConeDCoun^: 



L.L. Shield 



MaUory 
pany. 



Cattle Com- 



967 



|40a00 



Salt water. 

Small flow of salt water. 



There are in Cowhouse Valley about Hfty flowing wells, one at depth of 890 fset that flows 60 gal- 
lons par minute. The other wells stop at the first strata of flowing water. If wells were 100 feet 
deeper th^ would all run from 6 to TO gallons per minnte. None of these wells have more than 80 

foAt. Aftfllnar &*i<l ^Kjtr* la mn Ati iva.fA» ■mr^m.f.Att * « * XhoSO WOllS C^ W bO drilled for $900. 



fset easing. •«<. •»« 
Pideook Banoh 

King 

Pecan GroTs. . . 

ni::::::::: 

Do 

Do 

Pideook Banoh 

Do 

Do 

Do 

Do 

Gatesvillo 

Dallss County : 
DaUaa.... 

Do 

AxUngton 

Do 

Do 

Do 

Dot 

Benton Conn^ : 
Denton 



and there is muoh water wasted 

J.F.Meek 

L.MnC]eskey.. 
J. M. Davidson. 
J.T.Webb.... 
L.S.San[ent... 
James Gndlon.. 
James Barham. 
J.F.Barham... 
Bli Williamson 
W.L. Bridges.. 
H. 8. Perryman 
W. H. Belcher . 
W. Carlisle 



J.J.Briok 

City park well 

On M.C.Hm place.... 
T. J. Momane's place. 

A. Bust's plaoe 

A. Bass' place 



406 



Texas andfPaciflc Bail- 
wav. 
Do AlliMk'oe Milling Com- 
pany. 

Do Denton Ice Company. 

Do Denton Mill and Ble- 

vator. 
A miBber of flowing wells in the oonnty. 



26B 
240 
220 



$200.00 
240.00 
268.00 



290 



700 

072 

120 

16 

16 



J 



600.00 



1,800.00 



Quantity of flow not fti ven. 

2 gallons. 

l-bich 



! ito6 



to 6 gallons per minute. 
2| galions per minute. 



415-600 



12 gallons. 

16 gallons. 

8-inoh pipe flowing. 

Dos well overflowing. 

Do. 
8-inoh bold strsam. 



All flowing strong streams. 



* There are about one hundred and flfty artesian-flowing wells in Bosque County, generally used for 
ordhiary farm purposes and watering llTe stock. 
tFioBi 50 to 75 flowing wells. 
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Counly uiU p<wl offloA. 




AIU- 
tud«. 


Deplh. 


Cwt 


«o.p.,„...«. 


DsWKtConiitj; 


it^iii.'-'r.:.v.: 

W.E<lkh.rt 


JWL 

m 

I.2M 

dtotb 


FtM. 








H 


W 








£u>tl>Dd Cflunty: 




e«U 


4M 






NotK--Sa«r«l«owl 
Budem Couut; : 


imUiMBimUukdA 






'■"iSS-o 


TiiuandFaclfloCnal 

i'J-ae 




1« 
300-MO 
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Modem flowing trelb— Con tin ned. 



County and po«t office. 



HcLonoaa Comity: 
Waco 



Do. 

Do. 

Do. 
Do. 



Owner or informant. 



Alti- 
tude. 



FmL 



1,834 

1,884 

1,834 
1,812 



Bell Water Company 

(8 inoheii.) 
Bell Water Company 1,834 9,000 

(5} inohea). i 

BeU Water Company 

(^inohee). 

Waco Water and 
Power Company (8 
inchea). 
McGregor .... 
Marerick County: 

BaglePaM......... W.4..Fitch 800 

Hamilton County: 

Tianham 

Do 

Palo Pinto County: 

Gordon Cltiiens of Gordon — 822 485 800 

Do Coal Compajur 486 fiOO 

Gordon, 4 mllea 
north. 

Straws ^ 000 

Parker County: 

Spriagtown. Six or lOYen flowing wells. 75 to 100 feet deep, costing $50 to $100 each. 

Dalton*a i J.F.Johnson .........| | | | 

Refugio County.— Beftigio. Three flowing wells with joint capacity of 500,000 gallons per diem. 
Two wella belonging to O'Connor Brothers are repoited at depths of 858 and 960 feet, with a com- 
biaed flow of about 800,000 gallons daily, rising 48 and 54 fSset, reepeotlTely, aoove anrfaoo. 
Robertson County.— Large «nmber of flowing wells in Uils county. 



Depth. 



JPast 
1,834 



1,140 

470 
500 

485 
486 



Cost. 



7,200 



Flow per minute, etc. 



700,000 gallons per diem. 

806 gallon«i per minute. 

800,000 gallons per diem. 

Do. 
1,200,000 gallons per diem. 

Strong flowing well. 
Flow of salt water and gas. 



} 1 gi^on per minute, salt 

5 water and gas. 

Flow of salt water and gas. 

Flowing salt water and gas. 



Dimmit County: 
Carriso Springs 

Smnervell County s 

Glen Boae P.O. 

Do 



Oeorge Abel 

W.K.Lanham 

Dr. Scott Mllam; weU 
near Walnut Springs 
station, Texas Cen- 
tral Railroad. 

Ber. O. M. Addison; 
well west side Brasoe 
River, near Bosque 
County line. 




175 
260 



70 



337 




100 



50C 



i-inch stream. 

40 gallons per minute. 

10 gallons per minute, water 
pure; used fordomestio, 
stock, and |-aore garden. 



10 gallona per minute : well 
bored in 1885. Water 
sweet, pure, and soft. 
Uses, domestic, stock, 
etc., and 4<acre garden; 
good effect. 
Dr. Soott Iffilun reports about 200 artesian weUs within 10 miles of Glen Rose. Range & denth 
ttom 70 to 850 feet. Flow from 2 1q 200 gallons per minute. Cost, generally, 75 cents per foot nrst 
100 feet, with 25 cents per foot increase for each additional 100 feet. Water used generally for domea- 
tie, stock, etc, punKMCs. Some gardens irrigated with good effect. If means of irrigation provided 
land would donme in value. 
Stephens County : 



Wayland 

d2! 

Do. 
Do. 
Do. 
Bo, 



Do 

Tarrant Ooun^ : 
Fort Worth . 

Do 

Do 

Do 

Do 

Do 



Do. 
Do. 
Do. 
Do. 

Do. 



Frank Maxwell 

ac. Bills 

Squire Hodges 

Wm. Sadderthwaite 

J.P.Ford' 

J. 8. Little 

J.D.Rbea 



W. F. Fambraugh . . . . 



J.T.Smitfa 

A.J.Chambers 

W.T.Boas 

Frank Ellison 

L. W.Crawford 

Fort Worth Ice Com- 



pany. 
B. Dagsett 
"iddax 



B. 
B.E.Mal 

Town Council 

Texas and Pacific 

Railway. 
... do 



029 



176 
100 
120 
120 
150 
150 



166 

211 
266 
300 
450 
465 
860 

800 
820 
650 
460 

760 



150 



Flows a strong stream. 

Do. 
About 6 gallons per minute. 

Do. 
( All have good flowing 
wells, 100 to 180 feel 
deep, costing from |50 
tolQOO. 
9 gallons per minute. 



1 



80 gallons per minute. 
40 gallons per minute. 
80 gallons per minute. 
Ceased flowing. 
10 gallons per minute. 
70 gallons; ceased flowing. 

70 gallons per minute. 
60 gallons per minute. 
140 gallons per minute. 
Small atream. 

Da 



In this county, one flowing well, 7 miles south of Fort Worth, said to be the strongest flow in tho 
ooaaty. Two flowing wells on Schoonover survey, one on Bauer survev, one on Watson survey, one 
on Janea Rightly aui vey, one on Harry Robinson survey, one on M. and B. P. R. R. survey, one on Q-« 
B. Stanley survey, oat on Van Norstrand survey, varying in depth from 400 to 600 feet. 



S. Ex. 22 17 



*With tubing and casing 



AETESIAN WELLS. 
Modem fiouAng meih—QmAiaaoA, 



Coont; and prAtoHM. Owner oi iaronnnat- ^^L Depth. Ooat 



Iher well* rvpoitcd in i 



DoDohB... 

liy, depth. 1 



. 41 inch flov ke«pi Ivgr 



:<r (ISS; ^Inoh bore. Rov 



MBillnnspwiDinate;] 
WobbCuonlj: 


Beclrle LiRht C«n- 


flow 


..tl»K. 

33S 
170 

1.500 

. ai3 


lone, or .lop. entirely. 




«. 


MSnr.^'i^. 
















IS jiaUoiu per mlnate. 














Llano Connt T : 






RoUrlBun Ugnntyi 




.V 






T*ofl.>winB«Il.of 
Gonsalfl-CMntyi 
Bani'liL- poit-DlBoe 


anuOl M^lt; io tJiis t 
Dr. J. K. P. Green 


21S 

leti 

1 


*» 


3 Esllana per mlnate. 










Dimmit CoDDtT : 

Oirito Springe.... 






130 












'^'.'uriSSTJ:. 








1 


\ 



















Artttian rcelU utiitr con»triiction or oonlracl. 



ClIT of El \ 

County. 



Bell Wilier Compuy (S-inoh bore). 
Contract let to bora an ■rteilen well 



Abilene, Taylor CoDnlf... 

DnJlu, Dnllot Count; 

Bell«n, Bell County 

Guldthwulle, Uill. CouDt] 



Corpiu CUrlsti, 1 
Kort Worth. I 



Toyttb, RpeveB Connty . .. 
Aunt iu.TrnTl. County... 



Clebnmo, JubnMn Count] .. 
Vernon. Vilbu;(er Connty . 
TbnrbBr, Eratb Connty 



erworks; epproprUHon 



Arteeian well tat eity w 

County .nd cUjlet oontract for iirle>i'«a 

to bore 2,300 feEt, ir noceaury. 
Cuntnct let for arletlan well for city w.t. 



City » 



s, Tncker-n Hill <t 



itinuDd until  K<i< 
01 wv.inru EHIIoni peraiemis leonml. 
Lanido Improfouient Co. j down 800 feet, and eontinoinj! i*' 

Teias and Pacific ortetlan well ; down 300 feet, and will con- 

State Lanstjc Asjlnm welt '..ZSO feet deop - a How Mclrrd 



itinued. 



city «. 



a depth of 



CidicDB borluK arleaian well down over 600 feet and eoDliiu 

An urlesian well la U, be bored by the looat Waletwprl 

Teiaeanil PaciScCnal Company hare reached a depth of O' 
feet, geLline n ainall flow of aalt and ealphur water; Ih 
Iwriog la b^ojE carried further down. 
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Artesian well failures^ 



Location. 



Colorado City arteaiAn well, 

MitohenCoontj. 
Westhecford, Parker Cooaty 

Breckinridge, Stephens 

Coonty. 
Baatland, BasUaad Connty . . 



Bif; Spring, Howard County. 



Altitude. 



FeeL 
2,076 

870 



1,290 



2,400 



T«anbam, Hamilton County 



Odeeta, Botor County 

Midland, Midland County. . . 

Corpus Chritti, Kneoes 

County. 
HonidoCity, Medina Connty 
Finlay, £1 Paao County , 

Sierra Blanco 

Toriiert 

City of SI Paso 

San Aatonloi, Bexar Connty. 



HiUabovOtHill Connty. 
Hardeman County 



Clebonifl^ Joluuon Connty. . 
Brown County... 



Xiaredo^ Webb Connty. 



Henrietta. Wilbarger County 
Graham, Young Connty 



Bremond, Bobertaon Connty 



Waeo^ McLennan Connty 



Baiid, OiJlahan Connty 

Cleeo, Baatland Connty 
Pttiis, Lamar County .., 



Bivnliam, Washington 
Connty. 



2,900 

2,780 

20 



8,045 

4.512 

4,348 

8,718 
883 



933 



915 
900 

407 



1,624 

1,811 
592 

801 



Remarks 



Bored 1,120 ftet, struck salt water ; nerer seonred a flow ; now 

used in salt works. 
Sohoolhonse well bored 600 feet; water 50 feet ftom. surface; 

mouth of well 945 feet above sea level. 
Bored 1,400 feet, but got no water ; appropriation gave out and 

well abandoned. 
One bored 600 feet; tools wedged in the hole and work dts- 

continaed. Second well : 6-uicb bore, 1,800 feet ; salt water 

and no flow. The two wells were boied in 1882 and cost 

the owner, Hy. Eversole, ^,500. Altitude of Eastland 1,610 

feet above sea level. 
Cisco artesian welL bored 8-iDeh hole to a depth of 1,680 feet ; 

water within 25 feet of the top ; salt watfer and work dis> 

continued; cost between $3,500 and $4,000; altitude at 

Cisco 1,890 feet. 
7.inch artesian well; depth 608 feet; salt water for 300 feet, 

then fir^h water ; no now ; appropriation $5,000 expended, 

and work abandoned. 
Qne well bored 470 and another 600 feet ; in both a layer of 

material was encoontered that made it impossible to pro< 

oeed with the work, which was abandoned. 
Bored an 8-inch well 830 feet; casing was telescoped and well 

clogged; well abandoned. 
Artesian well bored aboat 850 feet; no flow; appropriation 

gave ont and work discontlnaed. 
Bored 1,700 feet; snlphar and sslt water. 

Southern Paciflo Railroad ; bored 1,000 feet and no water.- 
Soothern Paciflo RaUroad. Altitude 3.946. Bored 1.080 

feet» 8-inob hole at bottom. Yery bad water at .396 feet. 

No flow. Well abandoned. 
Bored 943 feet, 5| diameter at mouth and bottom. Unlimited 

sopply of poor water, bju no flow. Deep well walking 

pump, capacity 1, 890 gallons per hour. 
Bored 1,100 feet, mouth 8 inches, bottom 5| Inches. Small 

stream of fair water at 690 feet. Ko flow. Well aban- 
doned. 
One well bored on mountain side northwest from El Paso. 

in granite, to a depth of over 800 feet. No water secured. 
F. M. Rowe. Bored 50O feet ; no good water. Water at 225 

feet, and oil at 850; cased oif both at 360 feet, and had a dry 

hole at 500. Well abandoned. 
Bored 500 feet. No flow. Abandoned. 
New York Copper Company. Bored 1,200 feet No flowing 

water in 1884. Well abandoned. 
Bored 4 wells of 360 feet each but got no flow. Are now at 

work on a new one. 
F. M. Kitchens, Menardville. Messrs. Coggins Bros., Brown- 

wood, bored for artesian water. Struck sour water at 150 

feet oil and salt water at 450 feet after that fresher water. 

Had the well been thoroughly cased at 800 feet it would 

have boon a socoesa. Thev went 1.100 feet, and well failed. 
The Mexican National RaUway have made repeated eiforts 

to drill wells, but have failed. 
On block 18, a bored well 320 feet deep with salty water. 
Corbondale ; a prospect hole, 300 feet deep, cost $325. No flow. 

But salt water at 80 to 150 feet 
Artesian well bored 1,500 feet through alternate layers of 

day and blue muck. No flow seonred, though there is 

water in the well. 
Four or five wells have been bored here to a depth of 200 to 

1,600 feet, all of which were abandoned because the tools 

became lodged and could not be removed. 
Texas and Paciflo Railway ; well bored 8 inches, 416 feet, at a 

cost of $900; drill stuck fast in well ; abandoned. 
Railroad well bored 265 feet ; struck soda wate r and quit 
City waterworks bored 444 feet ; stopped in non*water-bear« 

ing soapstone: well abandoned. 
BorMl 600 feet; broke down and quit 



The nnsnccessfal attempts to find artesian water probably ran high 
into the handreds, bat information concerning them is difficalt to ob- 
tain. The necessity of having snch wells is fally appreciated^ bat as a 
rule just enough money is raised as will be necessary to insure a fail- 
are. 
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It appears tbat within District Ko, 1 there are between 600 and 675 
flowing wells, Taryinj; in flow from 1 f^llou per mioate to 973 gal- 
lons per niiuute; Varying in depth from 16 feet to 1,831 feet, and in coat 
fromJlS toa7,200. 



In accordance with the definition of " artesian waters," as accepted 
by the artesiao wells investigatioD, to wit : 

To incluue all sabMirsnean waters wliich, on beiaft reached or opened ftom above, 
arc fiiuDd to dnw to a level hiKher than the point of oontaot. Another ooDslderatioa 
is that the saiil waters shall flow ttom some permanent and general iMnruB, ntber 
tb*n frotu a local aad temporary one. All bored wells in which the water rJMS, 
though not above the surface, may be included in the term artesian. Also all natunt 
waters, Huoh as springs, rising frfta belovr, are embraced in this definition. 

The Dumber of wells of this class mna high iato thethoasandSiaDd'anct 
occur in nearly every coanty of the State. Practical well drillers as ft 
rnle regard the risiog of water in the bored wells as a certain indica- 
tion that flowing water can be obtained if the boring is carried down 
deep enough. 
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Loofttkm. 



Jonee County ; 
Phantom Mill. 



Tftvlor Connty: 
MerkelP.O. 



Do 

Bo 

Parker County : 
Weatherford ... 

Bobertaon Coon^; 
Calvert 

Stephena County . . . 



Tarrant Connty : . 
Port Worth.... 



Taylor Connty : 
Hcrkel 



Wlae County: 
Ahonie ... 



EBIa County.... 

Do 

Tarrant Connty 



Owner. 



Alti- 
tude. 



Thofl.P.Soott. 



J. L. Yaa|;han 



Hill and Traoy 
W.J.SIaton... 



City water supply. . . 



N. S. Greenwood . 



J. L. Yaughan 



J. T. Hoggsett. 



Feet. 
2,800 



1,876 



870 
837 



820 



1,876 



JohnCbamblee 268 20 

A.W.Tueker 286 80 

John A. Wima, Port 484 60 

Worth. 

Do TownofKeller 467 60 

Do B. H. King, Port 263 30 

Worth. 

Yoang Connty, Parmer poet-office ; C. Petttt, owner ; altitude, 2,260 feet ; depth, 132 feet ; (data not 
giyen). Water, aalt. (Reports two other boied wells, at 182 and 240 feet, but gives no data.) 



Total 
depth. 



Water 
lines 
(feet 
from 
sur- 
face). 



FtH, 



66 
82 

402 

288 
600 



74 



198 



Pumping 

yield 

per 

minute. 



16 

250 

30 
15 



25 



60 



GeUom, 



* 10, 000 



* 100, 000 

tioo 



80,000 



t50 
t60 



Bamarks. 



Most bored wells are 
from 60 to 100 feet 
deep. The water 
often rises from 20 to 
40 feet higher thaa 
where first found. 

A majority of the wells 
aro dug. a few bored. 
Depth ft-om 25 to 76 
feet. Water rises 
Arom 10 to 25 f<*et un- 
til it runs off in a 
porous stratum of 
sand. Bxoellent, soft 
water. 

Good. 
Do. 

Do. 

Do. 
The stream entering 
near surface ren- 
dered well water un- 
fit for use. 

There are in the city of 
Port Worth 242 arte- 
sian wella, of which 
only three are now 
said to be flowing. 
A m^iority of these 
wells did now origin- 
ally, and all them rise 
in the wells. A great 
number of steam 

Sumps are used, 
rawing fkom 50 to 
100 gallons per min- 
ute. Some or the low* 
lying wells rise a 
number or feet dur- 
ing each night, but 
lower during the day. 

Lime in water. Pifty- 
eight feet of this 
well are dug 10 feet 
square. In bottom 
tnere are drill holes, 
out of which a strong 
flow. 



Abundant, very, soft 

water. 
Alkaline ; worthless. 
Useless; soda, etc 
Good water. 



Do. 
Abundant and good. 



* Daily. 



tPer minute. 



There are thoasands of artesian wells that do not oYerflow in district 
No. 1, but a record of them has not been secured. It is safe to say 
that saeh can be had in any of the coanties by boring from 100 to 600 
feet, and a majority will supply 50 to 100 gallons per minnte at a mnch 
less depth. 
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Ktratijlcatiuii of fiouiini} utid deep tetllt i* the leveral rounfie* of Textu, in Dixti-ict No. 1. 

Areher Counlg, Archer Cilj/.—tlot Aowing. 

Red alaj • ....... — ....... S5 

Hand rock 10 

Red clay aod IiardpAu -MN) 

Block BOil  5 

Light red olays ... 30 

Cap rook i 

Rpdolay 100 

White rook 10 

Sand rook 14 

Soft white rock 7 

liedcJay 5 

SaDdrock 6 

SoapBtone   11 

Water gravel 1 

Sand rock 12 

Water (does aot overflow). 

Ata»60sa County, PleaMnton.-~AltitaAo 75 or 100 feet shove Pearaa)]. Blue marl or 
soipstODti, witli uccostonal strata of sand or Tock down to water. Went 175 feet 
lielow this, but found no more water. ThisiH not strictly a flowing well. Water rose 
within 10 feet of surface. A syphon pipe insetted flows tO gallons per minnte. 

Berar Cottnlii, San ^aMiio.— Crystal loe Company. (Altitade, 6d3. ) 

FMt. 

Black alluvial 4 

Impervious yul low clay — — 12 

Gravel 90 

Bine clay 300 

Soapstone S50 

Black mad 60 

Very hard saud ittnnn . 5 

A 40-foot, H-inch drive pipe ; enlphnr water and gas at 375 feet, about 25 gailona 
per minute. Eeduced horo to 5t-iiich at 600feet. At teO feet very atrong flow of soft 
water. PresBure, 40 pounds. • 

Bexar Counts, Butrerdt poit offlce.—'R. Mecke well. (Altitude, 1,600 feet.) Depth, 
365 feet. Water rises 250 feet in well ; need for stock. Reported by O. Vogel, Bol- 
vorde post ofUce. 

Soft yellow stone « 

Blue stoue BO 

Yellowstone 18 

Blnestoue 2 

Yellowstone : 6 

Blue llmeelone 19 

White limestone (struck water) M 

Blue sandruck .-- 10 

Blueslate 40 

Red clay 13 

Limestone . 60 

Sandstone .... - 31 

Sand qnartz 1 

Yellow clay £t 

Limestone .. . 35 

SaudstoDc (strong supply of water rises 250 feet in well) 11 

361 
Bezar Connfj, San J ttlmio.— Banes' well. (Altitade 683.) 

Fta. 

Gravel 8 

Yellow clay ., . fiO 

Blue clay 175 

Slush and mud, so mo times lighter, sometimes darker SftI 

More like slate 5 



r 



M'<J^ . ] 

'*• -^ . ;■ i 
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Water at 225 ; oil at 250 feet^; about 4 barrels of water per day, at 350 feet ; 50 gal* 
Ions of oil per day. At this depth, 250 feet of water in well. 

Wood casing, 8 feet ; 224 feet, 5i -111011 casing ; at 230 feet put in 4-inch drive pipe ; at 
360 feet shnt off all water and oil ; left a dry hole at 500 feet. 

Note. — ^North of San Antonio for the next 150 miles the drilling very hard and bad, 
mnch flint; bnt all %he prairie country is good ; get plenty of water at from 300 to 
500 feet. 

One well, 4 miles south of San Antonio, 675 feet, all soft material except the last 70 
feet, which was very hard white sandstone. — F. M. Rowe, San Antonio. 

Bexar County, San Antonio, —W eat End Town Company Wells. Depth, 260 feet. 
(Altitude, 650 feet.) Flow, 150 gallons per minute. 

Feet. 

Black alluvial soil 5 

Impervious yellow clay - 10 

Coarse grav«l 1... 10 

Balance soft blue rock impregnated with petroleum. Water strata about 9 feet 
thick, apparently an undergronnd stream, the bed of which is covered with a red or, 
dark yellow clay, mixed with decomposed shell. No water until we reached 260 feet. 

I am satisfied artesian water can be had in many portions of southwest Texas at 
small cost, and will treble, at least, the value of land.^<xeo. W. Russ, President W. E. 
Town Co. 

Bosque County, Meridian, (Altitude 791 feet). Dr. J. J. Lumpkin's well. White 
beach sand brought from bottom of well, 500 feet. Water will flow 50 feet above 
ground. 

Feet. 
Soil 10 

Lime lock 300 

Beach sand ^ 28 

Balance is mud, marl, and green olay. No change in flow. Diminished in another 
well. 

Town well. Increase in flow ; 24 gallons per minute. 

Bosque County, Iredell, (Altitude, l81feet). Same altitude as railroad track. Pub- 
lic well ; 28 gallons per minute. Diminished one-third, caused by casing. 

Feet. 
Soil 20 

Limestone 10 

Blue soft rock 80 

Blue marl 6 

Soft white stone - - 50 

Sandstoi^e, limestone, marl 100 

Soft sand rock J -c 

Hard sand rock {^^ 

Granite or emery stone 6 

Flow of water and pack sand 18 

345 

Bosque County, Kopperl post office,— -Three wells, 525,800, and 600 feet deep, throw 
up small amount of white sand. Have neither increased or diminished. (Altitude, 
574 feet.) 

Bosque dmnty. Eulogy post o/^ce.— Struck water at 30 feet ; began to flow at 450 
feet ; increased flow at 4^ feet. Water soft and clear, almost free from mineral. No 
change in flow. 

Bosgue County, Morgan post office^ (Altitude about 734 feet). Depth of well, 550 
feet. Muirhead W. Co. Flow 20 gallons per minute ; will rise 45 feet above ground. 

Burnet County, Oakalla, — ^J. M. Kincaid's well. Altitude same as Copperas Cove. 

Feet 

Black alluvial 12 

Yellow clay 8 

Bine limestone - 76 

96 

Sand, gravel, and water. Flow about 50 gallons per hour No change in flow. 
Coleman County, TricA;^ am. —-Well 220 feet ; flows salt water and oil. 
Black and gray sandstone (10 feet) mixed with clay the balance. 

Coryell County, Pidoock Ranch, — Altitude of well about same as Copperas Cove. 

Feet 

Black alluvial soil 3 

Blue limestone 219 

HandKtone 3U 
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Stnick i1<:wiiiK wster ftt 24.1 feet ; and » small qiMntity at 163 feet. Used Sf-iucli 
caemK -'' i' ' ' Irom aurface. No ohoaKe in flow. 

CoTij'ii ' .iintv. King P. O. — Altitude about B«me ai at GateavillB. 

Sol hi 1 1 III" nick, 240 feet; flow, 2 Kallona per minute and noohaiige. 

C'lri/i-ll ' "iijEy, Pecan Grore. — Davidson well. Altitude stme as Leon JnnctlMi, 
CottoabL-lt Railroad. Depth, 230 feet. 

Black land 3 

Sand rock . .-. U 

Balance rock in l^ere of 18 to 20 feet. 

Cornell Counljr.— W. H. Belcher well, Cowhonse Valley. Altitude abont S,E00feet. 
Depth, SHO feel. Flow, Sf gallone per minute. No eliange. 

Sand and graTol 25 

Limeatonc 150 

PorooB aandBtooe .- S 

Limestone (water aeeping) 100 

SondatoLc 13 



Water need for domestic pniposes, stock, ete. Small garden irrigated ; effiMi Tary 

De Wilt Coiift!/, TbrHoiBs,— Eokhart'a well (tatlttide 177 at Cnero.) 

Feet. 

Clay and sand 13 

Joint and lire cla; 46 

Water hi aand. — Flow, 7 to 8 gallons per minnte and no change. Total depth, 64 
feet. 

nealon Cotuitg, Denton P. O. — Refk'igeratoT oud Conning Company well. Deptfa, 
abont 550 feet. Flow, 5 to E) gallons per minate. Temperature oF waterat month of 
well about 78° F. 

Faet. 

Topeoll to rook SO 

Bock to it(>pth of 518 feet, when water rose to within 20 feet of top 518 

Heavy mud, hard stone, sand bed (with flowing water) 15 feet thick. 

Water aul't and clear. Three other wells In town, with about some depth, qooli^ 
of water, and flow. Reported by J. C. Colt. 

Bral\, Somenillt, Hood, and Botqut CotmdM, 

Top soil sandy loam 10 1«90 

White pvik taod 25 to 100 

Gravel 1 to & 

Ked clay or eool 10 to 95 

Artesian sand S5 

Red clay or coal 10 

Blue marl 10 

Slate, mixed. Flow in difi'erent wells &om 20 to 200 gallons perminute. Pieesai« 
from 10 to 50 ponnda. Deptb of wells range from l&O to SOO feet. Some have in- 
creased in flow and others have diminished. 

Frio Co»mtf, Peanall.—T. A. and J. W. Ue Vilbiss' wella. Altitude 50 fset behnr 
track at Pearaall. Depth of wells, 156, 360, 391 feet. 

Sandstone 30 

Blnemnrl, hard blue rook 1S8 

Flow, 3^ to Si gallons per minul«. Bine sand hrooght np. Slightly Inoreaaed in 
flow. 

Qotiad Comniy, Ootiad (altitnde SO feet) Judge Shapei's wells flow each 10 gaUooa 

per minnte of pure water. Each 60 feet deep and inoreosed in flow. Yellow and 
red clay 60 feet. 

aras$ott Cmtnlji, PotUbaroi^h (altitode, 72S feet).— Brennan &, Paxton well; bored 
for coal. Flow estimated at 350,000 gallons per twenty-four hoars, which mmIus to 
have incrmaed. Depth, S50 feet; brings np grayish-whitA material. Preaaiue eoti- 
mated at 10 ponuds. 

Ma 

lU ™ 10 

>ap«t«De, the bftlonce Mo 
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GriniM Count^f Kavasoia (altitnde, 219).— E. L. Bridge's well. 

Feet. 

Black soil 6 

Joint elay • 10 

8«ndBlone .•• 16 

Potters' olay - 9 

Qniokuiid 80 

Sandstoiie , lO 

Ssnd 8 

Orayel 12 

Gravel and olay 14 

Sandatone 10 

Clay and black ". 15 

Sandstone and sand i 120 

Total depth. 830 feet. Fonnd water that rose to within 11 feet of the surface at 250 
feet. At w round water, potable, that rises to the surface of the well. Tempera- 
tore, 80°. 

Hardeman County, — Average well in county : 

Feet, 

Chocolate snrfaoe soil 1.... 3 

Calcareous gravel 10 

Blue clay 3 

Gypsum 40 

SiU County, FUoo Valley (altitude about 460 feet).— J. R. Laue's well. Flow, 3 gal- 
Ions per minute, supporting column of 20 feet. Depth, 123 feet. 

Feel 

Black alluvial 4 

Yellow clay 16 

Coarse gravel 10 

Slate wit^ hard rock above artesian water in sandstone 3 or 4 feet thick 93 

123 

Water is clear and soft, and has not changed in quantity. 

Jack County, JaekeborougK (altitude, l,133).~Centerpoint wells, 96 to 130 feet deep ; 
flow continuously, without any change in quantity. 

McCulloek CouniVt Waldrip,— Two wells bored by coal prospectors; depth, 110 
feet and 220 feet. Diameter of bore, 2 by 2} inches. Water salty and oily. One of 
the wells on bank of Colorado River. Limestone shales and 1 foot of coal 110 feet. 
The other well is about 4 miles south of No. 1. 

Feet. 

Soil :. 10 

Sand rock, shales, and blue clay 210 



220 



McLennan County, Waco,— J. J. More well. Depth, 1,852 feet ; flow, 500,000 gal- 
lons in twenty-four hours. Pressure 60 pounds to the square inch; cost, $6,500. 
First 1,500 feet, at |2 per foot; next 100, |3 per foot ; next 100 $4 per foot ; next 
100 feet, |5 per foot. Small increase in flow. Temperature of water 103^. Very soft 
and clear. 

Feet 

Soil 20 

Soft or rotten limestone 1,250 

Harder limestone, dark color 450 

Orav limestone, very hard and very fine texture 100 

White porous sand rock, containing the artesian water 32 

1,852 

This well was dry for 1,000 feet, then small stream of sulphur water; after this 
several small streams, which flowed over top of well, very strong with sulphur, salt, 
andiron. Ver^ little more found until 1^^ feet, when a porous white sand rock 
was struck, which yields the water. This is one of the city waterworks wells. The 
pressure from this and the other wells belonging to the waterworks is sufficient to 
cause an M>-foot standpipe to overflow. 
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AloiYiwl Coiiiiis, F.agU Fm* (aUitmle MIO feot).— Fitoh'a wall, rtill under con- 

Brown allnvial soil -- H 

Yallow clay 26 

Sonpetone - - GO 

Sanil aud sliftle 11" 

Black shnle 60 

Sand and claj, ujixcil 70 

Gra.v saud  — ■• .-.•-■ — ■■• 30 

Salt water 

tjauil and aliale • GO 

Sand, pure 20 

GrayBbale 30 

Dark hhalo and saU water... •& 

Coal, very fiue quality  ^ 

UlialB 3 

timid, strong flow of gas 40 

HlacltBhale 150 

SnndandBliale 15 

lll.ick Bhale - IS"' 

SandaudsLalo 15 

Dark soft Mind nod dhnlo 75 

Hard gray Hnudalone 106 

Black shaio 65 

I, MO 

The drill \» atill walking Id thia Htratnm. Tlieflow of salt water is not very strong. 

The well iB cased to its present depth. 

Moitlagur Votintu, Sunget. — Common wells; aand, red clay, olay and pack sand, qnick- 
BUTid, era V el, and water. 

Palo Pinto Counts, <'Ordon (altitade, 875 feet).— Two wells. 4% and 498 feet deep ; 
flnw, 1 gallon salt water per minnte. No obonge in flow. Pressure abont lU pcunas. 
Inltamiiiable gan issiiea froni both wells. 

Parker Coiinig, li'tatherford (altitude, 870 feet).— Weatherford Water, Light and 
lee Compuny ; ditg well 30 feet; balance bored. 

Soil „. 10 

Clay Id 

PacliaauJ 20 

SUalesandliraPKtouflB 400 

Gravel and aand 6 

Bed clay 34 

Struck water at iOi; does not flow, but comes within 250 feet of the surface. This 
well will be bored deeper. 
Hoberifoit Coauty, Calvert (altitnde, 337 feet). — Water, Ice and Electric Light Com- 

8aud and olay to ....... — . — 54 

(Jlayto - W 

Coal H 

Hiueclay M 

Sand and gravel . IS 

Sand clay . S 

Kottenrock 2 

Siiud, gravel, and water at ,. 28S 

Wntnr rises to witttln 30 feet of top and pumps 100 gallons per minute. 

B^fugio County.— O'Connor Bro.'s wulls. No. 1 : Located about 5 miles mnth San 
Antonio River; altitude^ about 60 feet; depth, 9S6feet; 5-incfa easing; flow, abont 
100.000 gallons daily ; rises 54 feet above surface ; nsed for Btook ; watw soft and 

Black alluvial Boil '. 9 

Yollowolay and Bond 91 

Rock ri 

White dobiactay (BS 

Hardredday SOO 

Wftt<iTBtT»tft(iu Hint gravel) li> 

9M 
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Water struck at 946 feet. 

Well No. 2 : Located about 6 miles southwest of No. 1. Altitude, about 65 feet * ^ 
above tide water ; depth, 853 feet ; rises in tube 48 feet above surface. Fine water ~ 
for all purposes. The flow from this well is abont doable that of No. 1 ; 8-inch caA* 
ing. 

F«et. . ' 

Black alluvial soil 9 

Tellowclay w 273 

Bock 4 

Yellowclay 522 

Sand (very fine) 18 

Waterstrata 27 

853 
Cost abont $4,000 eaoh. Another well beinjEj^ bored. ' 

Somervell County, Glen JRo9e,—Oteorge Abel's well. Two hundred and sixty feet 
deep. No casing. Rnns out like a spring. Flow, 40 gallons a minute, and has not ' 
changed. 

Feet 

Sand soil , 2 

Impervions yellow clay 8 

Rock and marl 240 

Coarse sand 10 

260 
Bore 6 inches. 

Struck bed rock at 10 feet. Well flowed at 200 feet. Water soft and dear ; slig)it 
chalky taste. 

Addison well, west side of Brazos River, near Bosque County line. Flows 10 gallons 
per minnte ; continuous; bored in 1885. When pipe was placed in well, water flowed 
to height of 20 feet above surface. 

Feet. 

Sandy loam 1 

Coarse gravel 20 

Blue limestone 266 

Sand 10 

Water used for domestic, 8tock,.and one-half acre for garden pnrj^oses. " The water 
is pare, sweet, and softer than rain water, rather cooler than oidmary artesian wa- 
ter. "--Oscar M. Addison. 

Well near Walnut Springs Station, Texas Central Railroad. Reported by Dr. Scott 
Milam, of Glen Rose. Depth, 79 feet ; flow, 10 gallons per minute. Cost abont $100. 
Water soft ; used for domestic purposes ; also on garden of one-half acre. 

Feet. 

Earth, sand, and clay 12 

Hard limestone 62 

White sand 7 

Total depth ^1 

Stephens County, Wayland,—'^o flowing wells in county except within radius of 2 
miles from Wayland. Flow 3 to 10 gallons per minute, and apparently no change in 
flow. 

Bine slate, yellow sand, and coarse, white sand and gravel ; hard, white sand ; red 
sandstone ; hard, blue limestone. 

Fambroagh well : Depth, 156 feet ; flow, 9 gallons per minute ; cost, $150. 

Feet 

Clay 30 

Limestone 5 

Soapstone 20 

Slatestone 15 

Soft sandstone 86 

156 

Water for domestic and farm uses ; irrigated a three-fourths acre garden with very 
goodeifect. 
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Taglor Countj/, 3ferik«I (altitude, ],B75 fnet).— Bkilroad well, the deepest in vieinitj- 

Cliocolatecoloied allDviAl ( 

Coarse grarol B 

l^'iue sand aud gravel 1 

OoBTBe gravel 9 

CarboDifprona sandstone 30 

Hard red and while rook 1 

PoroHBrock. with water pockets 1 

Hed BMdstcjiie, with oaverna 18 

The wntc-r liuntaina aome lime, bat beoomeH soft on ezpoaore to air and annshine- 
In drlUlug l lie tool would freqaeatly drop down several iaohea iu caTem», followed 
in fmcb ca-se l>y an increased now of water. —J. L. Taaahan. 

traldt Voiisls- — Two wells reported. Dnptb, lOSantfllOfeet; G-inchboro; fonnet 
flows at ;<{ t;rilliiDSper tDioate; latter at 15 Kallona or stops entirely; water some- 
what niineral, bnt good todrluk for man and beast; strata reported, "after 16 feet 
of jtravel, HDlldrock." 

Wi^r Coania, Bhtme.—J. T. Hoggsett, Fort Worth, owaer. 

y*tt. 

Black waiy soil 5 

Limestonu . 145 

Pack sand 60 

Wat«r rinps within SO feet of the top ; comas trom a cleat wbita sand rock (pack 
sandT) in a very atronK stream. A 5}-inch cylinder, witb windmill, cannot ezhanst 
tbti well. 

n'ebb Cniintg, Caelut.—Q. Bneita's well. Altitade, 75 feet below railroad track »t 
Cactas. Dpptb, 170 fiset; flow, 3 Kallons per minute witbont obanfte. 

Sand nick. iniperTiooa yellow clay, blue limestone, whitish sandstone, gravel 

Parker County, Wvtthtrford (altitade, STO feet).~ln ordinary wells, 3U to 60 feet. 

8oil, wbitt) pack lutad, clay, uid'sand. 

Wat.!r works well. 

J>ali> Pinto Cottniy, GorAm (altitade, ntilroad, 875 feet; barometer, 1,130 feet).- 
Three flowing wella, 

8[>it, nanilsinne, slate rock or hard blue clay, pnrple Joint clay. 

Very aaitf waterat 300 feet ; flowing water in wLite sand, 4S>4 feet. 

There is a probability that the last water is ft«sb, bat as the well has no casing 
this can not be determined. Qas witb bright flame conies np with the water. 
Pressare in Ei-incb wooden pipe abont 12 to 15 ponnds. All common dng wellsin 
town have salt water. 

Santo atatioH, Palo Ptnto Cousfs.— Two bored wells, 50 and 100 feet ; botb bavo 
rnineral water of bad quality. 

EattUtnd Caunlg, Eailland (altitude, 1,'J99 feet).— Two bored wells, both Aiilnrea, 
and bave salt water. One at 600 feet, tlie other 1,300 feet. 

Soil, aandstooe, 12 to 15 feet ; coal, sandatnne, slate, coaL 

Gray marble at 600 feet; in well No. I, water at 60 feet ; in wellNo.S, water at 120 
feet. 

A nnmber of salt-wat«r deposits to a depth of 600 feet. Below this, water that 
eame within 13 feet of the surface. The water, boiled down, leaves a residae of ■all. 
It Is thought that the last deposit WHS pure water. Salt water is found near Eastland 
in common wells from SO to TO feet. 

Dallet CoHsfy, Daliai Cilg (altltndo, 466 feet).— Well of J. J. Brick. Flow li 
gallons per minute, with presanre of abont 30 pounds. By pumping, frnnishet 100 
gallons per minute. 

Soil i 

Blue mod and soft rook -. 50 

Soa white rock 20 

Black rook 60 

Gray rock 150 

Varions colors each 50 

Water in white sand rock . ... . . 10 

Fossils, coal, flint found in several strata. Used In a bath taonae. Own«r thinks a 
strong flow wonld be scoured at 1,500 feet. 
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mU$ County, MidlotMan.—A. W. Taoker's well. Depth, 286 feet; diameter, 8 
inches. 

Feet. 

Soil 4 

Soft white magnesia limestone 20 

Blue soft limestone 1 ^34 

Light yellow colored sandstone and sand • 20 

At .50 feet small quantity of water. At 28G feet strong flow to within 30 feet of 
sarfaoe. 

Color of water somewhat milky ; flavor like soda, with bitter after- ta9te. Purga- 
tive. Soft, and used for washing clothes. 

EMiland County, CUco (altitude, 1,625 feet).— Eight-inch well; depth, 1,680 feet; 
top soil, black; blue clay, 100 feet. 

Then alternate layers of white and yellow sand and layers of clay. First water, at 
60 feet, hard lime water; at 100 feet, good water that could be pumped, small quan- 
tity ; small veins to 1 ,000 feet, when a large supply of good water was struck that rose 
within 25 feet of the top. Only one layer of water below this. None of the water is 
bad. The last strata encountered was sand rock, and it is the opinion of the borers, 
McLeese & Swan, that a flow would have been secured if this strata had been bored 
throneh. Barometer at Cisco, 1,690 feet. 

McLennan County, fFaco.— Bell waterworks flowing wells. Altitude, 80 feet above 
railroad ^rack at Waco ; top soil, 12 feet. 

77hite limestone alternating with blue soapstone or shale to a depth of 1,100 feet. 
The intermediate shales more or less soft. At 1,150 feet hard blue limestone to a 
depth of about 1,800, then a gra y sandstone, changing to white, 20 to 25 feet thick, 
then 12 to 20 feet blue slate mixed with sand and flowing water, passing on into yel- 
low clay. 

In one of the wells, at about 500 feet, a few lime bowlders as large as goose eggs. 
At l,h00 feet, in one well, red clay 15 feet thick lying on sand. 

Shells found in all the strata penetrated. 

In an old well, bored 720 feet, a seepage of oil at 100 to 200 feet. Another well, 
only 20 feet distant from the foregoing, passed through 500 feet of shales without en- 
countering rock of any kind. 

A very weak stream of water rising to the surface is usually found at a depth of 
1,100 feet. 

In the blue slate in which the great flow is found there seem to be numerous 
crevices, caverns, etc., out of which the water is forced at great pressure. 

The water of all the artesian wells of Waco is identical as to chemical analysis, and 
has a temperature of 102 degrees as it i ssues from the well. 

John$<m dmnty, C^^iima (altitude, 933 feet).— Soil, limestone magnesian, 40 feet; 
gra^ sandstone alternating with slate, 900 feet ; blue shales, qniclssand. 

No flow at this writing, the work of boring being continued. 

Bobertaon Gm«(y, Bremond (altitude, 467 feet). — Artesian well boring 1,500 feet, re- 
suiting in failure. Entire boring through alternate layers of clay and blue muck. 
No flow secured. 

Botque County, Morgan. — Muirhead and White's wells (altitude, 734 feet). 

Top soil, black hog wallow, 15 feet ; sand and clay or red joint clay sand, 1 or 2 
inches ; sbell lime rock, 5 or 6 feet. 

Water in gravel, saud, and day j blue lime rock with shells and iron, 1 or 2 feet ; 8 
to 15 inches iron pyrites, alternating layers of clay, white rock, soft limestone, blue 
hard limestone to a depth of 500 feet; then heavv quicksand. 

Artesian water in white pack sand, 68 feet thicK ; generally found at a depth of 
640 to 560 feet. 

The same strata in west part of Bosque County at 250 feet. 

From 50 to 75 feet below this, stone and qnicksand, and a second layer of artesiau 
water. 

The third layer of artesian water is fbom 50 to 75 feet below the second layer. Up 
to date three distinct sources of artesian water have been found. All the wells in 
the valley of the Bosqutf have a depth of 250 to .300 feet, and the average flow is about 
30 gallons per minute, though most of them flow from 15 to 20 gallons. A limited 
few have only a flow of 5 to 10 gallons, but a number of others flow over 100 gallons 
per minute. 

It is generally accepted that the first strata will furnish from a 4-inch hole 15 to 20 
eallons per minute, from the second stratum 30 to 50 gallons, and from the third 75 to 
100 and more per minute. 

Botque County, Morgan (altitude, 734 feet). — J. S. Stroud, well borer, reports strati- 
fication of the average Bosque County artesian well as follows: Top soil, 10 to 20 feet; 
blue limestone, 20 to 60 feet ; drills easily and carries fossils. 

Sand, with water at 80 to 100 feet ; hard blue sandstone, 6 to 8 inches, very hard to 
drill. 
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; "Wliite limeBtone with foasila, abont 400 feet of aforesaid fbeeil limeatone ulternating 
; •- . *: ^^ layers of 1 to 1^ feet of blue joint clay. 
'ta ' -. . Dark green clay 1 foot thick in two layers 6 feet apart and absolutely waterpioofl 
/ . ^ \1^ Artesian water in yellow sand. Though the wall siands it is neither pack sand or 
, > steidstone. The artesian layer is usually found at 540 to 560 feet. 
' ' Bimervell County. ^3. S. Stroad, well borer, Morgan, Tex.; artesian layer at 100 to 
^300 feet. 

Erath County, — J. S. Stroud. Artesian layer at 450 feet. 
Hood County. ^J, S. Stroud. Artesian layer at 300 feet in two wells. 
Clay County f Henrietta (altitude, 915 feet). — Average common well. Jas. F. Carter. 
JBoil sandy loam, sandstone from 6 to 25 feet. 
- Tarrant County^ Fort ffortA (altitude, 629 feet).~John A. Wims's well, 5 miles 

' southeast, 6-inch bore. 

Feet. 

Yellow clay '. 30 

, Blue soapstone 2 

» White lime rock 49 

'' Blue soapstone * 24 

White lime rock 40 

Brown soapstone .... • 20 

Very hard sh^U rock 2 

BrOwn soapstone, with hard streaks 28 

White limestone 95 

Bine soapstone 42 

White limestone 52 

Bine soapstone 5 

White limestone 34 

Blue soapstone 5 

White limestone 5 

Blue soapstone 7 

Shell rock 22 

Brown sand rock 13 

White sand rock 14 

Depth of well, 484 feet. Cost, |484. No casing. Water rises to 50 feet from sur- 
face, and will stand pumpin|i; 50 gallons per minute. — G. B. Morgan. 
Tarrant County , Keller.— SixAuah bore. Feet. 

Vellowclay » 20 

Yellow limestone 30 

Brown soapstone 135 

White limestone 100 

Blue soapstone... 30 

White limestone 30 

Bine soapstone 1 25 

Shell rock 22 

Brown sandstone (caving in) 27 

White sand 28 

Depth, 457 feet ; cost, $457 ; 32 feet 4|-inch casing at bottom. Water comes within 
50 feet of top. Will stand pumping 50 gallons per minute. — Q. B. Morgan. 
Tarrant County, Fort Worth, — Well belonging to R. H. King. Six-inch hole. 

Feel. 

Clav and sand 31 

Yellow limestone 2 

Blue soapstone 45 

White limestone , 83 

Blue soapstone 25 

Shell rock 25 

Brown sand 27 

Good white sand 25 

Depth of well, 263 feet. Cost, |263. Forty-five feet 4i-inch casing at bottom of 
well. Water very soft. Used by six families and irrigateiB a garden. Water within 
30 feet of surface. — G. B. Morgan. 

Eratji County, Thurher.—TexsLS and Pacific Coal Company's artesian well. 

Feet. 

Soapstone and shale '. 70 

Coal (30 inches) 2i 

Blue slate 187^ 

Blue Hlat^j and Hiind 220 

Blue slate 26^ 
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Sandstone Ig 

Bine slate ^ 81 

Shale and sand gy 

Blaeshales 38 

Shale and sand 118 

Blaeshale ,- 55 

Sandstone I "78 

Slate and sand |. 37 

At 480 feet one-qnarter inch of coal. At 545 feet small strata of coal. 

Haskell Cimnty, Haskell post office. — Common wells. 

Blackallnvial 2 to 4 feet 

Chalky clay and lime formation 6 inches to 6 feet. 

Bed clay 10 to 20 feet. 

Fine sand and gravel 6 inches to 1 foot. 

Blue limestone 6 inches to 2 feet. 

Stratasof clay 3 feet to 10 feet- 

Young County, Farmer post office (altitude, 2,250 feet).— Pettitt well ; depth 132 feet. 

Loam 6 feet. 

Rock sand 13 feet. 

Joint day (clay marl) ^ 25 feet. 

Sandstone 6 feet. 

Clay 10 feet 

Balance clay, slate^ and sandstone. Water too salt ; no flow. Another well, 240 
feet, also salt water. 

Chemical analyses of Texas wells, 
McLennan County, Waeo, — Bell waterworks, artesian weUs. 



Chlortde of sodinm. 

SnlnlLofaoda 

GvD. of soda 

Carb.of calcimn ... 
Alnmbia and iron . 

Siltoft 

Carbonic acid 



Total United States gallons .. 
Total residue bj evaporation. 




.6.3418 

23.0103 

26.2632 

1.4570 

.1457 

.7464 



66.8663 
60.0216 



Parts per 
100,000. 



0.16 
41.00 
43.32 

2.50 
.25 

1.28 
21.03 



iia54 

103.75 



Carbonic acid jsas, 24.71 cubic inches. 

McLennan Ckmnty, TTotfo.— Artesian well 
water. In grains per United States gallons. 

Silica L0866 

Alumina Trace. 

Iron sesqnioxide 1403 

Sodium chloride 6.0267 

Sodium and potassium sulph 28.0483 

Sod.caib.aofi bioarb 20.6587 

Calcium sulph 

Caleinm carbonate 1.1570 

Kagnes.carb 8432 

Total soHdfe by calculation 53. 8201 

Surface well water : 

Silica 7700 

Alumina Trace. 

Iron sesqnioxide Trace. 

Sod.ehlor : 3.2016 

Sod.aQd potass, sulphates 4483 

Sod. carb. and bicarb *. 

Caldnmsnlph 1.6444 

Caldumcarb 17.1072 

Uafsnesinm earb 6710 



Total solids by calculation . . . . 
Total solids by determination. 



23. 7618 
24.0820 



Bexar County, San Antonio.— General Russ' 
artesian well, 3 miles from town. Analysis by 
Professor Langenbeok, Cincinnati, Ohio : 



Grains. 
1.34 
1.14 
12.64 
5.35 
1.56 
2.40 
1.41 
4.08 
16.08 

West End, Town Company, two art«sian wells. 
Depth, 260 feet ; flow, 160 gallons per mioute ; 
wells cased 30 feet to rock. 

Analysis prepared by Carl Langenbeok, Miami 
Medical College : 

Parts in 100,000 
parts of water. 



Silica 

Alumina and iron. , 

Carb. of lime 

Carb. of magnesia. . 

Carb. ot soda 

Sulph. of soda 

Nitrate of soda 

Chloride of sodium. 
Free carbonic add. 



SUioa 

Alumina and iron 

Carbonate ot lime 

Carbonate of magnesia 

Carbonate of soda 

Sulphate of soda 

Chloride of sodium 

Free carbonic acid 



1.24 
1.14 

12.64 
5. 35 
1.56 
2.40 
4.08 

16.08 
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Chemioal anoEyiBs a/ Texox WfllR — CoDtJnaed. 



. ^ fe croDDd S fMU An uwbala nu 

b; ProfoaMra. BadB, HUwankee, Vit.. U u I 



Biratbonatearproliildeof Iron .. 



IHLtMS 
S3.6UT 



^'(X 



lo lUllTiMdweU omnde, 



4^ £1 Pom.— SaaUsrn P»- 



C»lciQm icJph ■, 

CalQlumouliauW 

MmcnM. «rb 

Mwnei. Bolpb ,-.-.-.,.,.•-,.--,-,...> 

BfllDR[l» 

Oxldea and oTgaiilo 

ToUl 

OniBii per gallon, S7.l«. 

£1 PaiB OoiaUn, cUy cf XI PiM.— I 



Total gialiia par giUoD. ., 



a<id.chlor 

CBlolam oarti ... 
lfagnoA,CBrii -.. 
Hagan. Bolph . . 



Total Kraiu per salloa. . . 





eaarmafnieswaiulaoi 


■»-■ 


J™ 










mad {all 


ode,3,W6fsBI)'~' 


hero 


PaciOoRail- 

... m''85 


Carb..cli 


"v,:i?»,?'?*"«' 


aoda 


AlamiUA aLiical«kud orEauio 




1.70 


DepU. 


fS"C.""" 




89:16 



Carb., nMor.. and aat of mag. ai 

Carb. and iiiiJ. otlliue 

Alum, alUca, asd organic 



n, ailioatj^M, and organ 



Railroad lalittni 



;^^U%sB.B3i 



Alam. niiiaa, and onranic II. IS 

Ihijiwcll, Mttete Inebea i feet 3 tnobaa wMaci 
■lightly tarbld, [Ouna, and la liable to incmalatloB- 
F.t Fate OouHiu, El Fat Ci^.— Round Hooaa 
w*ll: 

OnfBL 
Carb.. cUor., and aol. of ni^.and aods. . IT. IS 

8altaaflime 20. 3* 

Alam, HUoa. and ocganic .W 

fitont'a brickjatd : 

Cub., cblor.. and aolp. of aada and mag. IT. n 

SalUofllDM l&M 

Alom, aUkatea, and organic .•• 



Caib., oblor., and anL of mag. aot 

SalUofUme 

Alom. allioatea, andorgaoto 

Total, 71.30 gnlsa la calloo. 



olflo lUUnad wall (altlii 



'1 FUD «lv— Atcbiaon To. 

ailvaj. 



anrinat.- 
inda, I,U 



Total gniaa petfaUon . . . 

Ftcai OiHBttg, Oryim — Soatti 
road well (alutade. Z,1D» feet). 



ouLjIDMiam and aodlnm 

CarboBataa and aalph. of lime . . 
Aini^ini^ allio^ and otyanlo . . . . . 



al gnlaa to gallm . . 



Water olear and tnnnurent. Bond wtO. M 
Incfaea m diamaMt, 15C («*t deep, n feet of vatw 
MO jialloDa per boor. Pnmpa dr; tn tbna hnin. 

Pent Coun^i/. iSaDdcnm BanthBn Paettte 

Railroad well (attltade. 1.780 feel). 

CarbaiiaCta. ohlorldn, aulpbatetof Dag- 



lamina, glIi<ia,*Ddi 
ToUil (ralna . . 
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Chemical analyses of Texas wells — CoDtinneil. 



Buehel County^ Haj/ynond. — Soathem Pacific 
Bailroad well (altitude, 3.883 foet.) 

GrainB. 
Garb,, chlor.. snlph. of sod. and ma^es . 15. 65 

Carb.uBcl aolplL.of lime 26. 10 

Organic 1.40 

Total grains to f^allon 43.15 

Old well inorustatea boUers, on acconnt of lime. 

Sontbrm Pacific Bailroad (altitude. 3,883 feot). 
New well. 

Grains. 
Carbonates, cbloridea, sulpb. of soda and 

magnesia 27.50 

Carb. and sulph. of lime 12. 15 

Organic 1.85 

Total grains per gallon 41. 50 

Slightly opalescent and will foam. 

Another well : 

Grains. 
Carb., cblor., and snip, of sod. and mag. 14. 35 

Cikrb. and snlph. of lime ;.... 36.20 

Alamina, silica, andor^anio 13.60 



Total srain 

Slightly opalescent. 



64.15 



Buekti Oounfw, Marathon. — Sdiithem Pacific 
Bailroad (altitade, 4,043 feet). 



Carb., chlor., sal. of mag. and sod. 

Carb. and sulph. of lime 

Alnmina, silica and organic 



Grains. 

2.00 

21.15 

1.60 



Total grains in gallon 25.65 

Dng wdit 7 feet 2 inches by 7 feet 2 inches ; 101 
feet deep. 13 f«)et water, curbed 82 feet. 

Jff. Datfis County, FoZeiifine.— Southern Pacific 
Railroad (altitude, 4,424 feet). 

• Grains. 

Carb., chic, sulph. of sod. and magnes. .. 1. 75 

Carb. and sulph. of lime 4.50 

Silica, alum, and animal matter 1. 90 

340 feet deep, 260 feet water. 

Hot water : 

Carb., cbor., and sulph. of sod. and 

mag 3.50 

Carb. and sulph. of lime 9. 20 

Alam, silicates, and animal matter. . 3. 45 

Turbid, foams on concentration. 

Second welL 

Carb., chor., snlph. of sod. and mag 1. 86 

Carb and sulph. of lime 7.15 

Alum, silica, and animal matter 1. 35 

Water opalescent, holding 10.35 grains in solu- 
tion. Well 482 feet deep, 210 feet water, cased to 
bottom. 

Pretidio County, Ifai/a.— Southern Pacific Kail- 
road (altitude, 4,092 feet). 

Grains. 
Carb., cblor. , and sulph. of sod. and mag. . 2. 10 

Carb. and sul. of lime 13. 65 

Alum, siUca, and animal matter 1.60 

Twelve hundred feet deep, 8 inches diam., 1,000 
feet of water. 

LamwutoM County^ Lampoiat. — Hancock Sul- 
phur Springs. Analysis by E.Waller. Ph. D., 
of Xew York. (Per United States gallon, 231 
cubic inches.) 

Grains. 

Chloride of sodium 49.8:i6 

Brooiido of sodium Trace. 

Bicarbonate of lithia 0. 186 

Bicarbtmateoflkne 24.282 

Bicarbonate of iron 0.052 

Chloride of magnesium 18.265 

Chloride ot calcium 9.040 

Sulphate of potaaoa. 2.024 

Sulphate of lune 2.462 

Alumina 0.059 

Wlica 0.496 

Organie matter Trace. 



Robert»on County , Wootan wellt.-^A fHroons 
heiilth n^sort. Analysis (United States gallon) 
by Prof. C. F. Chandler, Kew York. 

WeU Xa 1 : 

Chlorine in chlorides 

Ma<rneaia 

Lime 

Protoxide of iron 

Sesquioxtde of iron , 

Sesijnioxide of alumina 

Oxide of man i^anese 

Sul acid in sulphates 

Silicia 

Organic and volatile 



Grains. 
23.341 

13.110 

25.211 

1.917 

0.989 

1.220 

0.542 

59.671 

3.282 

9.623 

Well Xo. 2.— Analysis by Dr. W. M. Mow, 
chemist U. S. Navy Department, Washington : 

Grains. 

Chlorine in chlorides 33.132 

Magnesia 11.376 

Limo 2:1.892 

Iron as sesqnioxide U. 080 

Alnmina as se^quioxide 1. 565 

Oxide of mangauese O.^Sd- 

Sul acid in siuphates 67.227 

Soda 14.579 

Silica 2.823 

Well No. 8.— Analysis by Prof. C. P. Chandler, 
New York : 

Grains. 

Chlorinoin chlorides 85.457 

Magnesia 17.496 

Lime 27.100 

Oxide of iron, alumina and manganese. 15.052 

Sul. acid in sulphates 79 254 

Organic uid volatile matter 12. 247 

Well No. 4.— Analysis by Prof. W. M. Mew, 
chemist, U. S. Navy Department, Washington : 

Grains. 

Chlorine in chlorides 36.357 

Magnesia 22.750 

Lime 2^108 

Iron as sesqnioxide 13.063 

Alumina as sesquioxide 13.436 

Oxide of manganese 0. 571 

Sul. acid in sulphates 86.403 

Soda 18.100 

Silica 4.083 

Webb County, Zrar^do— Flowing well 75 feet deep, 
analysis by Goorgo Kolteyer. (Jne gallon filtered 
water contains 103 grains of solid mineral salta,^ 
bnt entirely free from < Tganic matter. The min- 
eral salts consist of soda, potash, and sulphuric 
acid, of which there is a large percentage of sul- 
phate of soda and a small quantity of potttsh. 

Bfxar County, San Antonio. — G. A. Kamp- 
roann's artesian flowin.4 well. Analysis by James 
Kennedy, Ph. G. 

Grains. 

Sodium chloride 26.628 

MagiiOHium sulphate 25.344 

8o4lium sulphate 8.410 

CalciuDi bicarbonate 4.8i6 

Mai^neniuiu bicarbonate Traces. 

Sodium thiosulphate « 2.205 

Sodium bibora to Traces. 

Lithium chloride Traces. 

Potassium chloride 0. 165 

Earthy phosphates Traces. 

FeiTons aulpnate Traces. 

Silica 2.640 

Alumina 0.510 

Ammonium nitrate Traces. 



Total 



70.647 



Sulphuretted hydrogen 




# 



ToUl 

S. Ex. 



106.701 I 
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Railroad water supply, 

[West of the ninety -»eventh meridian in Texas.] 

QALYESTON, HABRISBURGH, AND SAN ANTONIO RAILROAD 00MPAN7. 



Location. 






Altitude. 



XI Paso, SI Paso County . . . . 



Fabens, El Paso County. 



Fort Hancock, SI Paso 

County. 
Finlay, El Paso County 



Sierra Blanoa, El Paso 
County. 

Torbert, El Paso County .... 

Haskell, El Paso County 

Talentine, Jeff Davis County. 



Kai&, Presidio County. 



Alpine, Brewster County . 
Marathon, Baehel County . 

Haymond, Baehel County. 
Taber, Baohel County 



Haxon Springs, Buchel 
County. 

Longfellow, Pecos County. . . 



Sanderson, Pecos County. . , 



Dryden, Pecos County. 



Lozier, Pecos Coun^ . 



Cllne, Kinnay Co^^tj 



-^r««^Ff««Nai««r 



Feet. 
8,718 



8,614 
8,519 
8,045 
4,512 

• 

4»843 

4,013 

4,424 

4,602 

4,485 
4,003 

8,888 



8,638 
3,274 
3,780 
9,100 
1,685 

1,007 



Remarks. 



Two circular wel)8« each 80 feet in diameter and each 28 feet 
• deep, curbed with 8-inoh cypress plank ; water stands in 

wblla at same leyel as water in Rio Grande, and any amoaot 

of pumping fails to lower it; a surfiMe pump; capacity, 

7,S00 gallons per hour. 
Same as at £1 Paso in every particular, except that weOs are 

32 feet deep. 
The same as at SI Paso, except that weUs are 42 Ibet deep. 

1,080 feet deep ; diameter 8 inches at mouth and at bottom; 

very bad water at 806 feet ; abandoned. 
043 feet deep ; 5| inches diameter at mouth and botton ; 

unlimited supply of poor water; deep well, walking-besm 

nump; capaoity, 1,800 gallons per hour. 
1,100 feet deep; diameter at month 8 inches, at twttom 5f 

inches; small stream of fair water at 606 feet from top; 

well abandoned. 
2,029 feet deep; diameter at month 12 inches, at bottom 7f 

inches ; use air-compressor pump of 1,500 gallons per hoar 

capacity, which exhausts the well in three hoars. 
1,245 feet deep; diameter at mouth 5| inches, at bottom 3 

inches ; unlmiited supply of excellent water ; deep well, 

walking-beam pump ; capacity, 1,200 gallons per hour. 
107 feet deep ; dug 10 by 10 feet square ; unlimited supply 

of fair water; double-acting sarCace puqip ; capacity, 6,000 

gallons per hour. 

>ly comes firom springs; water fair; 6 houra pumping 

wfth 6,000 gallons per hour; pump exhausts the spiiDgt. 
102 feet deep; dug well 10 by 10 feet square; unlimited 

supply of good water; single-acting deep well pomp ; ca- 
pacity, 3,000 gallons per hour. 
15 feet deep ; dug well 10 feet in diameter; unlimited supply 

of very poor water ; abandoned. 
46 feet deep ; dog 16 feet square ; unlimited anpply of good 

water; surfaoe pump, 6,000 gallons per hour capacity. 
1,004 feet deep: diameter at mouth 9) inches, at bottom 4^ 

inches ; Aunlshed all the water necessary; well now abaa. 

doned on account of better water and easier to get at Taber. 
683 feet deep; diameter at mouth and bottoms inches; na* 

limited supply of fair water; air-oompresaer pump; ca- 

paclty, 1,250 sallons per hour. 
087 feet deep ; aiameter at mouth and bottom 7| inches: ali^ 

compressor pump; capacity, 1,700 gallons pei hour; lazgs 

supply of good water. 
1,707 reet deep: diameter at mouth 7| inchea. at bottom 4 

inches; unlimited snpplv of good water; air>oompres8or 

Sump; capacity, 1,000 gaUons per hour, 
feet deep; diameter at mouth and bottom 7f inches; liffl' 
ited snppiy of good water; air^sompresserpump; capacity, 
1,000 gallons i>er hour, which exhausts well in two honrii 
it then takes two hours to fill up. 
40 feet deep, 12 by 18 feet square; unlimited anpply of good 
water. 



'°^R! 



ARTESIAN WEIiLS. 



275 



Bailroad tcater supply — ContiDDed. 



TEXAS PACIFIC RAILWAY WELLS. 



Fort Worth, Tarrmnt Conntj . 

Aledo, Parker County 

WeMherford^arkerCoantj. 
Kock Creek. Parker Conoty 
Straws, Palo Pioto County .. 
Cohrey Fork.Callaham County 
Delmar, CalliJian County.... 
Van Horn, El Paao County . . 

Baird, Callahan County 

Clyde. Callahm County 

Merkel, Taylor County 

Loraine, Hitonell County.... 
Colorado, liit«hell County. . . 
West Brook, Mitchell County 

lacan, Mitchell County 

Big Sprine, Howard County. 
Marienfelfl, Martin County . . 
M'dland. Midland County . . . 

Odeesa, Bctor County 

Monahana. Winkler County . 
Peooa City, Reeves County.. 

Toyab. Reeves County 

Ssw Martine Spring, Jeff 
Davis County. 



629 


870 


870 


900 


1,524 


1.800 


4.610 


1,524 


2,026 


1,875 


2,297 


2,075 


2.100 


2,200 


2,400 


2,700 


2.780 


2,000 


2,620 


2,600 


2,976 



Two artesian pumping wells and storage reflerroiri daily 

parity, 100,000 gallons. 
Dug well ; 40,000 gallons daily. 
Dug well; 18,000 gallons daily. 
Well; supply limited. 
Dug well ; 50,000 gallons dally. 
Well ; 6,500 gallons dally. 
Artificial pond. 

Four bored wells, 600 feet ; unlimited supply. 
Artificial pond. 

Two dug wells : 10.000 gallons per diem. 
Well, dog and bored; 40,000 gallons per diem. 
Well and pond; 60.000 gallons per diem. 
Deep well ; 24,000 gallons per uem. 
Artificial pond. 

Do. 
The Big Spring; 100,000 gallons per diem. 
Dug well; 24,000 gallons per diem. 
Dug well; 60.000 gallons per diem. 
Dug well; 50,000 gallons per diem. 
Three dug wells ; 200,000 gallons per diem. 
Artesian well ; 60,000 gallons per diem. 
Artesian well ; not used. 
8,000 gallons per diem. 



GULF COLORADO AKD SANTA Fti RAILWAY. 



Weatherford, Parker County 



Dug well, 25 feet diameter, 68 feet deep ; carries 80 feet of 
water. Daily capacity, 60,000 gallons. Strata red loam 14 
feet, 24 feet limestone, leaky ; below this layers of blue 
clay, sand and water in gravel. At water line, traces of 
iron. 



FORT WORTH AND DENVER RAILWAY. 



Newlln Station, Hall County. 

Annstiong, Armstrong 

County. 
Hartley Station, Hartley 

County, 
Texllae, Dallam County 



6-inch bore, 550 feet deep ; four different layers of salt water ; 

well abandoned. 
5|-inch bore, 202 feet deep ; good water in sand and graval ; 

yields 80 gallons per minute. 
5|'inoh bore, 876 feet deet ; good water and abundant. 

270 feet deep ; good water that rises to within 25 feet of tha 
surface; pumps 70,000 gallons per diem, and snppUea 
division round house. 



WATER SUPPLY OP TEXAS CITIES AND TOWKa 



San Angelo, Tom Qrten C<nin<y.— Sapply from North Conoho Biver, 600,000 gallons 
daily. Cost of plant, |29,000. Can deliver water at 35 cents per 1,000 gallons. Uso 
componnd doplex stiram pnmps. 

Diniaonj Graywn County, — Supply obtained from springs and tunnels. One tun- 
nel is abont 3,000 feet loug with twelve wells on its line. Tunnels and four small 
creekfi afford a fair supply. Storage reservoir costing |8,000, holds 80,000,000 gallons. 
It costs 9 cents per 1,000 gallons to furnish water. Pressure at pumps 120 pounds ; 
in the city 75 pounds. Cost of the works $200,000. 

€hHzafe$t GotiJMles County. —Supply from Guadalupe River. Cost $18,000. Capac- 
ity 300,000, gallons in 24 hours. Forty horse power Worthington steam pump. Use 
stand-pipe; 6^,000 gallons capacity. 

Seguin, Guadal»pe C<mnty. — Supply from Guadalupe River. Cost of plant |27,000. 
Daily capacity 500,000 gallons. Price per 1,000 gallons 25 to 50 cents, according to 
quantity used. Gordon &, Maxwell duplex power pump and Gkirdon dt Maxwell 
duplex steam pump. The power for pumping is obtained from a natural dam in 
Guadalupe River, steam only used during high water. 
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Parisy Lamar County. — Sapply obtained from dug wells tunneled. Cost, (100,000. 
Une two Wortbingtou pumps, each 1,000,000 gallons capacity in twenty-four hoon. 
Ten miles distributing mains and eighty-six fire dydrants. 

Palestine, Anderson County. — Supply from two artificial lakes supplied by springs. 
Cost of plant $150,000. Daily capacity 500,000 gallons. Price of water 25 cents per 
1,000 gallons with discount to large consumers. Use Wortbingtou pomps, two of 
them. Lake dam built of pipe clay sunk in sand 30 feet, about 500 feet long, and 20 
feet at>ovo the surface. Cost $20,000. The other dam is a fill about 400 feet Jong and 
25 feet high, and cost §7,000. They retain about 20 acres of water H to 25 feet deep. 
About 300 springs feed these lakes. Standpipe 150 feet high, 100 feet above the 
pumps, and 50 feet above the city. 

Jiroicnwoodj liroivn County. — Water supply from Pecan Bayon. Cost of plant, 
$46,000. Capacity, 24 hours pumpibg, 2,400,000 gallons. Standpipe, 20 by lOu feet, 
5 miles mains, and thiriy-seveu double hydrants. 

Brenham irashinpton County. — Supply irom surface wells 25 feet deep. Capacity, 
300,000 gallons daily. Can furnish water at 10 to 15 cents per 1,000 gallons. Use 
Deane compound duplex pumps. Two wells 25 feet diameter, 25 feet deep. Depth of 
water 12 feet. One well 40 by GO feet, 25 feet deep, water 12 to 14 feet. Wells re- 
plenish rapidly. Cost of plant, 870,000. 

TemjjUy Tex. — Supply from surface wells and Leon River. Use two Wortbingtou 
pumps, each 750,000 gallons capacity per diem, and one Dean high-pressure pump of 
same capacity. Cost of water delivered about 3 cents i^er 1,()00 gallons. Cost of 
plant, 895,000. 

Abilene^ Taylor County. — Supply from Lytle Creek, east of town. Capacity about 
250,000 gallons daily. One hundred foot Htandpipe and fire hydrants. 

Morgan, Bosque County, — One artesian well, tlowing 20 gallons per minute, into a 
wooden tank 50 feet above grouud and above town. Pipes on the principal streets 
for use in case of fire. 

Navasota, Grimes Cou»fy.— Artesian pumping wells, 250 feet and 830 feet deep. Af- 
ford 100,000 gallons daily. 

Weather/ord, Parker County. — Supply from one dug well 47 feet deep, 12 feet diam- 
eter, with three tunnels each 100 feet long. One bored well 402 feet deep. Use two 
compound duplex Dean pumps for dug well, and walking beam deep well pump for 
bored well. Daily capacity about 100,000 gallons. Price of water 50 cents per 1,000 
gallons for small consumers, and 10 cents for parties usiug as much as 40,000 gallons. 
Have a distributing reservoir holding 1,100,000 gallons 80 feet square. 

Laredo, Wehh Coma f;/.— Supply from driven wells on an island of sand and gravel 
in the Rio Grande. Six dug wells in* gravel bed 18 by 16 feet from 7 to 9 feet deep 
to bed rock ; one receiving well 16 feet diameter, 35 feet deep, excavated in rock 
fed by two 12-inch pipes from driven wells on island, fifty-live :^-uioh driven wells 
connected by G-inrh pipes to the dug^ wells and worked by syphon. Cost to date 
|130,000. Capacity of pumping engines 4,000,000 gallons. Cost of pumping 5 cents 
per 1,000 gallons. Use two Blake Duplex and one Worthington compound condens- 
ing pumping engine. 

JVaco, McLennan County. — Two water works companies, both using artesian wells, 
varying in depth from \,*-*'20 to 1,652 ftfet. The daily output of the Bell water 
works from four artesian wells is 3,800,000 gallons, the Waco Water and Power Com- 
pany furnishing 1,200,000 gallons additionally. The wells are situated 85 feet above 
the city, and the ]U'eHsnre of the wells is sufficient to overfiow the tiO-foot standpipes, 
placed above the mouth of the wells. The pressure of water at month of the wells is 
50f pounds. Teuiperalure l(^2 degrees. 

Colorado City, Alitchell County. — Water 8U])ply obtained from two bored wells, 
respectively 150 and IH) feet deep, H-inch bore. A steam pump is used in one well 
and a 30-foot United States \vin<linill in the other. The windmill generally snpplies 
all the water required by the population, about 2,500. A standpipe 22 by 100 feet is 
used. 

SEMIAKID REGION, DISTRICT NO. 2. 

This district comprises all that portion of Texas lying between the 
one hundredth and one hundred and third meridians, and north of 
Pecos River, south of a point where the one hundred and third merid- 
ian crosses said river and extending from the Public Land Strip soath to 
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the Rio Grande. The area is aboat 83,725 square miles. The altitudes 
of various points in the district are given as follows: 



Southern P^icific Railway stations: 

Feet. 

Langtry 1,321 

Shnmla l,41tt 

Painted Cave 1,006 

Coinstock l,5r>6 

Devil's River 972 

Del Rio yr>5 

Johnstone 1,082 

Spotfbrd J unction 1, 015 

Nneces 942 

Texas and Pacific stations : 

Trent 1,920 

Sweetwater 2, 175 

Loraiue 2,1>97 

Colorado..... 2.075 

Westbrook 2,100 

latan 2,200 

SiRual Mountain 2,430 

Big Spring 2. 400 

The rainfall varies from 15 inches 
Pecos Biver, to 30 inches along the 



Texas and Pacific stations— Cont'd. 

Feet. 

Morita 2,475 

MariiMjfeld 2,700 

Germaiiia 2,775 

Midland 2,7h0 

Odessa 2,900 

Douro 3,1(J0 

Mouahan's 2,620 

Pecos River 2,590 

Fort Worth and Denver Rail- 
way at one hundred and third 

meridian 4,700 

Government observations at — 

Camp LancaMter 2, 350 

Howanl's Weil, Crockett 

County 2,054 

Fort Concho.Tom Green County l^fiH^ 
Goodnight, Armstrong County . 3, 100 

on the line of New Mexico and the 
one hundredth meridian. 



FUncing artesian \rdl$. 



County and post-office. 


Owner or informant. 


Depth. 


Cost. 


RemarkR. 


 


Dallam Connty: 

Ta-tcoiM 


Lee Scott Cattle Com. 

pany. 
Syndicate Ranch 

Mcduslcev 


230 

76 

64 

Not deep . 

15 

000 


$450 


15 gallons per minute. 

Water Just comes to surface; flov 

3-int'h atream with force. 
Flowing* 

ConHtant 2-inch stream, rising 

t'vft alxive Mirfacts 
500 jiallonM per minute. 

1 inch stream. 

• 




Hockley County ....'... 
Lnbhoo k Coxiuty : 

Tellow House Past- 


78 


ur«. 
Sinff«»r'8 Store ..... 


Dave Tavlor 


4 


Midland County: 

Mi'lland 


1 

G.G.Gray 


25 




Tom Green County: 
San Angelo post- 
office. 


Titus Machine Com- 
pany. 50 miles from 
San Angclo. 





Hockley Connty. W.S. Marshall, Fort Worth, well-Jrlller. There are three artesian wells in 
Hockley County. First well had a weak flow. When second well wius bori'd 100 feet dint-ant, the sup- 

?lydiniinlnbedtoon»'-halfin th« flrHt well. Tli« two wclU fiinii»*h 5 <:»IIons per minute, orij^inally 
umisbed by the first; depth, 120 frot. Om* well 1^ niil^H dihtant yitOils 4 gallons iter minute, oix 
same level as the others; di'pth, 120 foec. •in draw of Vclltiw Houhv Cafion. 

Several flowing wells said to have been bored in this county. No accurate information obtainable 
at thin time. 

L H. Peters, of Fort Worth, says he "has bored wells in Texa« for eijihteen yf»ar8. Tom Green 
County and country west to PecoH River underlaid with ]>nek Hand with pleutv of wa»er at 100 feet to 
500 feet. Have also found second, third, antl fourth stralaH of Hund, at about 100 leet apart, always 
finding stronger streams the deeper the bore." 
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There are several thousand of these in this district. The water rises 
in a majority of wells, showing thereby that the water is under consid- 
erable pressure and often comes from a great distance. The distances 
between piaces are so great in this region that accurate locations can 
not be given. 

Andretts County^ Chicago Ranch. — W. T. Stewart, formerly well-driller, bored twenty- 
one wells in Andrews County, the deepest 90 teet and theshalloweHt 47 feet. In all 
the wells the water rises, and in qnite a number the water in within 1 to "20 feet of 
the top of the well. Work was generally discontinued in order to avoid a How, the 
owners of the ranch being desirous to avoid the congregation of cattle in one place. 
At 200 feet a flow may be confidently expected. 
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On Montgomery snryey, about 6 miles north of block 41, township 1 Bontb, is a 
drilled well 72 feet deep, in which the water riscH to within 12 feet of the top. A 
Sider hot-air pnmp, with 6-inch cylinder, does not lower the water line. — M. B. Gran- 
son, Midland. 

Andrews County. — Informant, M. B. Cranson, well-driller. Midland. Five mile« 
north of last-mentioned well is a ravine in which water in abundance can be found 
at the depth of a spade, and then be rnn into ditches. 

On the Montgomery survey there are forty wells, varying in depth from 40 to 100 
feet. The water rises in every one of them, and in m any almost to the surface of the 
groand. 

Altitude of Chicago Ranch about 2,875 feet. 

Armstrong County. — Altitude at Goodnight abont 3,100 feet. 

Bailey C'ottittj/.— Information from W. 8. Marshall, Fort W^orth, Tex. In twelve 
wells, bored abont 200 feet, the water rises almost to the surface. 

Careon County, — Mark linselby, Mobeetie, \Vbee1er County, reports: ''There has 
been a well bored in Carson County to depth of 320 feet, in which the water rises about 
80 feet." 

Crosby County^ Mount BZanoo.— (Altitude of wells, 2,605 feet. John F. Niley,of the 
Kentucky Cattle Raising Company, reports, ** Our windmill wells on the plains are 
about 300 feet deep. Water rises in some of these 50 to 60 feet." 

H. C. Smith, Mount Blanco, reports that several of this company's wells " would 
come to the surface, and flow a good stream of water if properly cased off." 

Dallam County, Toaoom.— (Altitude 3,600 feet). J. C. Hatchell, Amarilla, Potter 
County, Tex. : 

"The deepest well in this vicinity is abont 240 feet, but there are many that art 
not 200 feet. The water is soft, aud inexhaustible. Windmills are used for power ^ 
6-inch casing is generally used. The water rises from 30 to 80 feet in the wells. 

Donley County. — James H. Parks, Clarendon, Tex.: 

** We have numerous bored wells in this and adjoining counties that find wat^r at 
£rom 50 to 250 feet. In some of these the water has risen from 40 to 80 feet. The 
deeper the well the higher the water usually rises." 

Eotor County. — W. T. Stewart, formerly well-driller at Midland : " On Creighton's 
Ranch, 6 miles north of Warfield are three wells each 160 feet deep. The water is 
excellent, rising 30 feet in each well. Bored one hundred and sixty-four wells on the 
Staked Plains, and got water in each and every well." 

Armstrong f Donley, Crosby, Swisker, and Oldhum. — Information from J. £. Browns- 
field, Colorado, Tex.: 

''The Goodnight cattle ranches are located in these counties, and the owner of the 
ranches has bored therein sixty-nine wells, ranging in depth from 40 to 300 feet. 
Most of them are about 110 feet deep. The average cost is about 60 cents per foot, 
and a 3-inch cylinder and l|-inch exhaust pipe are generally used. All of the wells 
are 8-inch bore, and the usual yield of each is 150 gallons in five hours' pumping. 
Twentv-four of these wells are situated in the Palo Duro Valley, the remainder on 
the upland plains. In Swisher County, away from the Palo Duro Cafion, the wells 
are from 18 to 20 feet deep. In most of the wells above mentioned the water rises, 
and in some as much as 150 feet. In the adjoining counties water is readily obtainea 
by digging for it. As a rule the water obtained is of excellent quality, but in a lim- 
ited number the water is salty." e 

Floyd County. — Information from C. H. Earnest, Colorado City, Tex.: 
^ "Auout one hundred and twenty-five wells in the county, the average depth of which 
is from 20 to 30 feet, the deepest well being about 50 feet. The water rises from 10 
to 25 feet above the point where found in every well. Ten-foot or 12- foot windmills 
are extensively used for raising water." 

L Qlasscjck County. — D. N. Morrison, Garden City, well-driller: 
r " South of this point the wells are from 100 to 250 feet deep, and the rock is solid, 
excepting from 4 to 10 feet of soil and clay. The water is plentiful and of fine qual- 
ity and rises from 4 to 20 feet in each well." 
L W. P. Stewart, formerly well-driller : 

r "Bored nine wells onMcIntyre & Barnetc ranch and ten others in Glasscock 
County. The deepest 90 feet and the shallowest 60 feet. The water rose in all the 
wells." 

Ector County.^J. W. Otterman, Odessa, Tex. : 

" There are 45 wells in the county. Al)Out one-fourth of them are bored. Average 
depth, 100 feet; cost, jil.25 to $1.50 per foot, 6-inch bores. Supply can not be ex- 
hausted by 12-foot windmill and pump to correspond. There are five veins of water, 
the lower ones being softer than the first. The water in many bored wells rises higher 
than the point where struck, in one case 17 feet above the plaoe where water waa 
reached." 



ABTESIAN WELLS. 279 

HartUif C&unty,^^, F. ConkliD, Hartley, Tex. : 

"It is demonstrated that by boring wells an inexhanstible supply of water can be 
obtained. In this immediate section 4-inch wells have been sanic and water struck 
at 420 feet. It rises some 30 to 40 feet at being tapped. Up the Fort Worth and Den- 
ver road other wells were struck, that sent water to within 30 feet of the surface.'' 
Hanaford Counlj^.— Ralph Bigger, Hansford, Tex. : 

** On section 136 an attempt was made to reach artesian water, but the machine 
failing to work satisfactorily, the well was abandoned at 130 feet, with about 70 feet 
of water." 
Hale County. — I. F. Graham, Plain view : 

" I am satisfied there can be flowing water had here, as all along the foot of the 
Plains (Staked) large springs break out. All the wells drilled here rise more or 
less from 5 to 60 feet.'' 
Male County, — Information from 0. H. Earnest, Colorado City, Tex. : 
''There are about one hundred and twenty-five wells in the county, most of them 
bored. The shallowest is 6 feet deep and the deepest 50 feet. Nearly all wells are 
pumped by 10 and 12 foot windmills of yariouH makes. The average cost of w^ 
windmill and pump in Hale County is from $110 to $150, and this includes bpring and 
casing. It is the impression that artesian water could be obtained in this county, for 
the reason that every well bored has had the water rise from 10 to 25 feet." 

Howard County.- County artesian well. Depth 600 feet. The water is salty, but 
stands about 4 feet from the surface. 

Lipscomb County.-^ohn Wanger, Timms City, Tex. Altitude 2,600. " O. B. Timms 
well section 1036 : block 43. Well drilled 227 feet deep and has 127 feet of water, the 
same beinje struck at 150 feet." 

"£. O. dray, Higgins, Tex. A well was bored at Timms City to a depth of about 
320 feet, and only paitly curbed. At 200 feet they struck water of artesian strata 
which rose in the well about 170 feet. The parties boring the well had to abandon 
theproject on account of poor machinery and being unable to procure better." 
Howard County. — W. T. Stewaii;, formerly well-driller. 

"Bored a well 16 feet deep, 2^ miles north of Morita Station and secured an im- 
mense supply. The water is good and comes within 3 feet of the top of well. 

'* Bored a well on Denmark ranch, 6 miles north of Texas & Pacific Railway on west 
line of Howard County, 16 feet deep, 6-inch bore. The water is 2i to 3 feet from sur- 
face, and can be svphoned to lower, lying land. Mr. Denmark irrigates 7 acres with 
it, using a windmill." 
Lynn County. — J. D. Birdwell, Big Springs, Tex. 

'* In a well 6 miles north of south line of county, 282 feet deep, a small stream of 
water that rises within 70 feet of the surface. Only one vein of water found in 
well." 

Martin County. — Wells in the east half of the county from 40 to 140 feet deep ; in 
the west half from 20 to 50 feet; in the draws or old river channels from 3 to 20 feet. 
Water rises in all the wells. 
Midland County. — Information from M. B. Cranson, well-driller, Midland, Tex. 
''In the county of Midland there are over 400 w^lls, of which 100 are in the town 
of Midland. The wells in town vary from 30 to 65 feet in depth; 48 of them are 
pumped by windmills. In the county the wells var^ from 2 feet to 200 in depth. 
The shallowest wells, 2 to 20 feet, are on the uplands in southern half of county ; the 
deepest along the south line of the county. As a rule the water rises, and in most 
oases, from 40 to 60 feet. None of this water is dependent on local rains. It lies in 
sheets and is under pressure ; the greater the depth of the well the greater the rise. 
This feature is regarded as indicating the presence of artesian water at a greater 
depth. J. W. Millican's well is bored 65 feet and carries 28 feet of water. It fills a 
tank holding 1,800 gallons every three hours. Cost of well $90 and of windmill and 
tank $50. 

** Ward's well, 70 miles northwest from Midland, is simply plowed out, and the 
water supply is inexhaustible for ordinary uses. 

Water in many places on the staked plains is found at the shallowest depth on the 
highest ridges, and often the valley water is the deepest. It appears that the strat- 
ification, though undulating, is continuous and unbroken, and that the water, being 
under pressure follows the contour of the country. 

'' In a few places this Joint clay appears almost at the surface but generally there 
are from 5 to 7 sheets of water under pressure between it and the surfEce." 

Mitchell County.— Lone Star Salt Company. Bored one well 8 inches diameter 
for 500 feet and 5 inches diameter for 620 feet. Depth of well 1,120 feet. Struck 
good water at 80 feet and again at 325 feet. Between 100 feet and 300 feet water was 
ehar^Eed wkh iron, snlphnr, and other ingredients. It was unfit for use of anv kind, 
forming an evil-smelling scum that precipitates and, on drying, becomes scaly. At 
500 feet more water, supposed to be good. At 820 feet struck salt, passing tbrongh 
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one layer of rovK sftlt 30 feet thick, tben 20 feet of rooh, then 40 feet of salt, b«low 
th« Haft 200 feet of rock and nater again at l.I'JO feet, with suffiuieat pressare to raiw 
the drill, treighing 4,500 pouodH, highoDoiigli to kink the rope. Ttie upper waters 
being cased un, th« water level is now ^00 feet from the lo^i. The pump capacitj 
used on the well is 30,000 g:il1onaperilieui,thiiiif(h theBuppIy JHcousidereil unlimited. 
If the Halt were vawil off it in IboDeht the 
boltom warer noiild lie nooil fur Kni'^ritl use. 
TeniperatiiroofnaierTl". The welliBuaed 
niifucturing salt. 

ji Suit Compau.v'e wells at Colorado 
City. Four boreil wells&( inches iliatueter, 
each well l.OOOfeetdeep. At9:<li feetahody 
of water (tnpposeil to be pure (if the salt 
were cawd uit) ihat ritte^ within 140 feet of 
tbe surface. The parties boring these wells 
fe«l aalidlied thHt by boring MO feet more 
they can liriiig frevfa waler to the anrface. 
The four wells are pumped by :lO-foot wind- 
wills. 

The average depth of fresh-water wells in 
Mitcht^ll County is from 100 to aoo feet. 
Water is often found at a lesser depth, but 
is generally unfit for use. 

£jrMn Couttly (along north line). — W. T. 
Johnson, Colorado City : 

" On the Llano, ou the norther" line of 
Lynn County, and lapping into Labbock 
County, I hsve a cattle ranch Kiipplied only 
by drilled wells. 1 have 70,0i)0 acres in- 
closed and can provide coitifortalily fur 8,000 
cattle with my nine wells. Their depth ii 
about 85 to 95 feet; Altitude. 3,100 fert. 
Thpy are drilled 7 inche.1 in diameter and 
cased with b-iuch coHiug. The wuter it 
abundant, niedhim soft,, char, pure, and ex- 
cellent. It rises some 40 to fiO feet in the 
wells and there stands apjiareutly in iuex- 
hauHtible supply. I lift, it with wiudiuilU 
iutolHrg>-earthL'nUuksur2U0,000eo300,0C0 
gallons' cai.acity. 

" My oliservaiioQ extends to hundreds of 
wel sontheLlauoEstacado, inihe counties 
of Lynn, Lubbock, Garz», Crosby, Floyd, 
Hnle, Hockley, Marlin, GaiQes, Terry, and 
Lamb. The depth varies from ;<U feet to 150 
feet, oocnsioually somewhat detper. The 
dt^p wells are usually near the caaouH, and 
I Hiippii^te, the water leakaont at tbe 
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OekiltreiB County (altitade 3,000).— Isaac A. Corry, Gilaloo, Tex. : 

*' There are wells ou onr plains ranging in depth from 190 to 220 feet. After aecnr- 
iog water it rises in the well 15 to 20 feet.'' 

Potter County.— J, C. Hatchell, Aniarilla, Tex. : 

*' Water is obtained in this vicinity at an averase depth of 200 feet. It rises from 
20 to tiO feet, and is brought to the surface by windmills. It is clear and soft and is 
used for watering stock and farm purposes. The supply is inexhaustible.'' 

Scurry County. — A. C. Wilmeth, Snyder, Tex. : 

*'We have no artesian wells in this viciuity, though we thoroughly believe we 
can se<;nre one by boring 300 feet or mure. Our locality is furnished water from wells 
about 40 feet deep on an average. We secure it in sandstone. I have one bored 
well, struck a light stream at 30 feet and at 50 feet struck a bold stream which rose 
to the first stream." 

Tom &reen County, — Titns Machine and Tool Manafactnring Company, San Angelo : 
About :)0 miles southeast of here I drilled a hole 300 feet, aud the water rose within 
8 feet of the top. I am now drilling on a well. When I got 300 feet I struck salt 
water,oil, and gas. I cased it off, but a small quantity flows all th^^ time outside of 
the casing. I went down 800 feet without striKing any more. At this depth struck 
water and it rose 500 feet in the well. I am sure that we will get artesian water if 
we go deep enough. 

Val Verde County, — M. H. Warren, Del Rio: B. L. Crou Cher's well, 30 miles north of 
Del Kio and 10 miles from Devil's Kiver. Altitude 600 feet above Del Kio ; depth 
475 feet; cost, complete, (1,568.50. Six- inch bore. No flow, but an nnlimited supply 
300 feet from surface. Eighteen-foot windmill and 2^-inch pump. 

Val Verde County.— U. H. Warren, Del Kio. B. N. White's well, 20 miles north from 
Del Rio and 12 miles from Devil's Kiver, 475 feet above Del Rio. Depth of well, 300 
feet ; cost, $600. Water 250 feet from surface. 

Hockley County.— W. S. Marshall, Fort Worth, Tex. : 

'* All wells bored in Hockley County show an inclination to rise 50 to 100 feet above 
the point where water is struck. I regard it as an indication of artesi^an territory. 
There are abont 150 bored wells in the county. 

" All of the central i>1ains west of Blanco Cafion show indications of artesian water,, 
because the water in all wells rises there." 

Lubbock County. — There are about 50 wells, from 100 to 150 feet deep. 

Lynn County, — Twenty or more wells, from 100 to 250 feet d«ep, are reported. 

Ttrry County.— There are reported 20 or more wells, from 100 to 150 feet. 

Lamb County, — About 20 wells are named. 

Cockran County, — There are 8 reported. 

Dawson County, — Abont 20 wells reported, from 175 to 250 feet deep ; some lesa Not 
much rise in these ^ells and more or less salt. 

Hale County. — Water is generally found at 30 to 100 feet, and in Deaf Smith 
Connty at about 30 feet. Depth and pressure are dependent to a large extent upon 
continnity of snrface. The water is always shallow and under pressure when distant 
frooi '* breaks " or deep ca&ons, but lies deep and without pressure on the edges, thus : 




1^^ 



Stii^ace Soil. 
7/ 




li.'^^^^" 



The flow in the strata in the main comes from the northwest, and as the cations 
trend southeast the springs are nearly always found ou the north or northwest side 
of the caRon. 

Ban Saba County.— J, H. Martin, San Saba. 

** The average depth of wells in onr county is from 20 to 30 feet. Many dried up in 
Ifi*^ and then they were bored 100 feet deeper. The water in a great many of them 
then rose to the snrface. " 

Midland County. — On Dunn and Steven Ranch, 12 miles south of Midland, are fivo 
welk from 60 to 90 feet deep. The water in all of these rises from 10 to 30 feet. 
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Stratifioation of wells, dUtriot No. 2. 

Borden County.— Ajiihouj Blum, Durham, Tex., on Seo. 230, Bl. 97, H. Sl T. C. sar- 
Teys : 

Surface soil 2 

Red clay 4 

Red clay mixed with decomposed limestone, gravel, and quartz pebbles 19 

Coarse gravel, fine quicksand, and water (6 inches). 
Sandstone soft on top, very hard on bottom 2 

Joint or block clay, hard in layers and dark red. Sometimes 350 feet thick. Well* 
generally abandoned because no water is found in them. We can get no water except 
from the gravel aud quicksand, which supplies the water to the several springs. A» 
one has ever goue through the Joint clay in this county. 

Dallam County , T<uco8a (altitude 3,000 feet).— Lee Scott Cattle Company : 
Soil, clay, coarse sand, gravel, honeycomb rock. " 
No soapstone or slate in this part of the country. 

Glaeacooh County, — J. I. McDowell's well : 

Black sandy soil 5 

Clay 2* 

Sand and water S 

Hockley County. — I. F. Graham, Plainview, Tex. : 

FMt 

Black alluvial soil 3 

Impervious yellow clay 10 

Boulders afid gravel 17 

Decomposed lime rock 19 

This generally brings us to the water in this country. In some few places, we 
strike from 6 to 10 feet of sand. 

Martin County. — 

FMt 

Soil 5toW 

Decomposed lime rook 10 to 20 

Hard flinty limestone 1 to 2 

Hard conglomerate gravel 6 inches. Sometimes 6 inches red sandstone. 

Yellow clay 1 to 3 

Saud-gray shale and water « 8 to 10 

Clay 8 to 10 

Sand, gravel, and water 8 to 10 

Sometimes plenty of good water in the decomposed lime rook. 

Lynn County (altitude 3,100 feet). — W. V. Johnson, Colorado, Tex. : 

Feet 

Surface, loam, gradually merging into clay 20 

Limestone 15to25 

Sandstone resting on a thin stratum of conglomerate ; below this excellent water. 

Gray County (altitude 3,700 feet) : 

F*6t 

Black alluvial soil 4 

Clay * 

Rotten limestone and clay 10 

White magnesia 10 

Sandy clay 12 

Red clay 1& 

Magnesia and gravel 11 

Limestone - 4 

Sand 10 

Lime rock & 

Red clay 1^ 

Lime rock 4 

Sandy clay 12 

Lime rock 3 

Sandstone in 4-inch layers 4 
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This material U in F. W. Johns's weU, 10 milea west of Mobeetie, in Gray Coanty. 
There is no water at the depth I went worth anything, the supply being inadequate 
for family use. Close by I got plenty of water at 130 feet. This is the general 
character of the strata all over the Staked Plains.— J. C. English, connty surveyor, 
Miami, Tex. 

Ward County (at Quito).— Well bored by P. Q. Dnraok. Layers of a magnificent 
red sandstone, from 9 to 12 feet thick, with a half inch of soft lime rock between th* 
layers for 100 feet. Then a cold chilled steel anvil, or some black substance equally 
hard, on which the drill danced seven days before getting through 6 inches. Then 
red sandstone 40 feet. Then excellent water in abundance. 

BoherU Counhf. — Walter Scoggan, Canadian, Tex.: 

'' There are several strata oi i^eoue rock from 1 to 50 feet deep. The top one is 
about 50 feet below the surface of the plain. It is called the rim rook, and there are 
one or two between that and the bed of Canadian River." 

Val Verde County, — ^B. L. Croucher's well, 30 miles north of Del Bio and 10 miles 
from Devil's Biver. Altitude 600 feet above Del Bio. 

Feek 

Light brown soil 5 

Clay and gravel ^ 23 

White lime rock 340 

Soapstone 21 

Blue lime rock 70 

Clay and gravel 17 

B. N. White's well, 20 miles north of Del Rio and 12 miles from Devil's River: 

Feet. 

White lime rock 290 

Clay and gravel 10 

Mitchell Countyy latan Valtey.—D, A. Petty, 3 wells 15 feet deep, on Sec. 40, Bl. 28, 
town 1 north ; 8 feet of water in each well. 

Soil, clay, gravel, and sand with water. 

All these wells have springs at the bottom and each affords 1 barrel every ten min- 
atesL 

Midland County, — M. B. Cranson, Midland, Tex. : 

Feet. 

Top soil 4 to 10 

Clay subsoil 10 to 15 

Lime rock 5 to 20 

(In this a limited supply of water. Below this usually sand.) 
Clay 20 

Gravel and sand with unlimited supply of water rising 20 to 28 feet. 

About 50 miles north of Midland, a large number of animal bones at 50 feet, in the 
wells. At Monahan's wells in the sand hills, likewise deer horns, elephant teeth, and 
bones at a depth of 51 feet. 

Curtis's well, 7 miles north of Midland : 

Feet. 

TopsoU 4 

Limestone -• 20 

Coarse white gravel and water 6 

Ball County. — ^Top soil porous limestone, gravel, or coarse sand. Water. 
JCetor Countt/, Odesea, Tea;.— Artesian well, boring of Odessa Improvement and Irri- 
gation Company. 

Bore, 5 inches ; depth, 830 feet ; cost $1,500. 

Feet. 

Soil 4 

Rotten limestone IS 

L^dgeof concrete 

Sandstone 

Gravel to a depth of 125 

Three distinct veins of water, which rose 15 to 20 feet, then red Jointed clay t# 
bottom of welL At about 700 feet found change in material. Drillers broke their 
easing and the work was discontinued. The indications were that water would hav* 
been obtained at 1,000 feet. 

CemmonWelU, Eotor Coua^y.-No two wells have exactly the same stratification, but 
the following may be accepted as the rule : 

Surface soil, soft limestone with thin, hard layer at the bottom 30 feet; then hard 
conglotuerate cemented gravel, fitnt-like material 3 feet. 
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Water in sand stone or pack Band, below this a soft sandstone with more water. 
Teins or crevices are occasionally found bat iisnally it is sheet water. Betweeu tbe 
surface and a depth of 125 feet from 6 to 7 distinct layers of sheet water are fouud. 

Andrews County. — Soil 12 to 20 feet, clay, hard white or blnish stone, coDgiom- 
erate sand and water. 

Howard County, — W. Y. Stewart, well-driller : 

** I bored seven or eight welln within a mile of Big Spring, 90 feet deep. All of 
them had salt water. Lnmps of salt came np with the washings. There is a heavy 
deposit of rock salt in the immediate vicinity of the town of Big Spring.'' 

Crockett County. — Average well. Soil 4 to 10 feet. Hard limestone ; yellowieh 
flinty material ; water in gravel. 

Mitchell County, Colorado Post o/^.— Salt company's wells; four wells o| incheti 
diameter, each 100 feet deep. 

^ Feet 

Soil 20 

Sand rock r^^ 

Fresh water in sand rook, with streak of iron pyrites, at a depth of 130 feet 30 

Red joint clay 6C 

White sand and pure water. *No rise. Joint clay. At 330 feet small qnaottty of 
bitter water. At 305 feet one-half inch layer of coal. Joint clay to 500 feet. 

Red coarse sand alternating with 4 to 6 inches of salt, 60 feet. 

At 500 feet, a bed of salt, 5 feet. Sand rock and red clay to 701 feet. Solid body of 
salt TO 811 feet. Soft red sand rock and red clay to a depth of 93(5 feet. 
' At this depth i^esh water that rises to within 140 feet of the top. Boring then dis- 
continued. The parties boring the well feel satisfied that 500 feet more will briag 
fresh water to the surface. All four wells are the same as to stratification, are bored 
100 feet apart, and are exactly in line, so that they can, if necessary, be pumped by 
a horizontal shaft. 

Howard County ^ Big iSprin/jr.— County artesian well; cost, $4,000; depth, 603 fec^t; 
diameter, 7-incb, 280 feet, 5-inch and 3-inch at bottom. 

Gravel, joint clay, very hard rock 200 to 300 feet, gravel, limestone, gravel. At 'M 
feet salt water; below this, fresh water. 

The luvst water was in soft, porous sand rock, which was penetrated 50 feet. Fli>t 
water at 40 feet. 

The water now stands within 4 feet of the surface, but is so salty that it can not l>e 
nsed for any purpo^^e. It is the general impression that the casing was imperfect, 
and that the bottom water is good. Altitude at mouth of well, by barometer, 2,300 
feet. Well abandoned because appropriation was expended. 

DISTRICT NO. 1.— SUBHUMID REGION. 

FLOWING ARTESIAN WELLS, COMMON WELLS, LAKES, STORAGE RESERVOIRS, AM> 

OTHER WATERS USED FOR IRRIGATION. 

In another part of this report, under the bead of artesiam parapin^ 
wells, there is an inclination on part of the water in most wells to rise 
above the point where it is struck. Fully one-half, or possibly three- 
fourths, of the bored and dug wells have this feature, and are, as a 
matter of fact, artesian wells, though they do not overflow. It may be 
safely said that if they were properly used one-half of them would fnr- 
nish water enough to irrigate small areas of land, say 5 to 10 or 15 
acres each. The rainfall of the east half of District No. 1 is ample aud 
sufficient to mature crops, but the yield may be considerably reduced 
by occasional dry spells, lasting just long enough to do some injary, 
but never ruining a crop. The equivalent of a 3-iuch rainfall applied 
during the season two or three times would be ample and sufficient 
and insure a full crop. A 3-inch irrigation per acre wonld equal 71.4(>2 
gallons. An ordinary 12-foot windmill, pumping 1,000 gallons per hour, 
or 16§ gallons per minute, would supply the water for 1 acre in three 
days. 

Archer County, — Irrigation necessary half the time at least for full developmeot of 
crops. Rainfall fairly good October to Jnne. 

Atascosa County. — Nic Beuntzer, Pleasanton: ''Irrigation not always necessary.'' 
Average rainfall abont 35 inches in fall, winter, aud early spring months. 
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Bandera Cotm/y.— William S. Boss, Hondo Cafion : ** If we only had the seasons 
(Texas vernacular for rainfall) ve conld make fine coops here.'' Rainfall fairlv good. 
In twenty years only three partial failures in the com crop. Ordinary wells from 20 
to 50 feet deep. 

Bastrop County, — B. P. Templeton, Garfield: ''Average rainfall about 16^ inches 
between April and September. Irrigation necessary about one year out of every 
three.'' 

Bee County, — An abundance of good water from 30 to 100 feet under the snrfaoe. 
Mostly usedi for live stock. Two hundred and two farms in the county. 

Bexar County. — F. M. Rowe, San Antonio : '* Plenty of rain two years out of three." 
Caroline Kampmau : ''Artesian well used for irrigating, stock, and general purposes. 
Eifect of artesian water on vegetation is good." Gardens are irrigated from San 
Antonio Kiver. 

Blanco County, — Carl Goeth, Cypress Mill : •' Have plenty of rain this year. Irri- 
gation necessary when corn is in tassel." Rainfall 2.^ to 30 inches in autumn, win- 
ter, and spring. Early planting indispensable to secure ui^iformly good results in agri- 
culture." Texas State Report, lab2. 

Bosque County, — About 150 artesian wells in county, average depth 500 feet, cost- 
ing about $1.25 per foot ; many much less. Average flow about 18 gallons per minute. 
One day's flow would cover 143 acres 1 inch deep in one day. Several flow over 
100 gallons per minute, but a couHiderable number less than 10 gallons. Allowing 
the equivalent of 9 inches of ruinrall per acre the whole number during the year 
conld irrigate .^),889 acres, or an average irrigating capacity of 39 acres to each of the 
150 wells. As the water would be used only during the summer months about half 
the flow could be utilized and it would therefore be safe to figure on, say 15, to IS 
acres as the capacity of an artesian well flowing 18 gallons per minute. 

8. H. Lumpkin, Meridian, Tex : ' ' Average capacity of his well about 10 acres (45 
gallons flow per minute). Rains usually in winter and early spring. About 1 inch 
rainfall between April and September." 

Citizens well at Meridian, flow 24 gallons per minute, is estimated as capable of 
irrigating 5 acres. Water used for general purposes. Dr. J. J. Lumpkins' well flows 
45 gallons per minote, is estimated sufficient for 3 acres. Efiect on vegetation good. 

Poblic well at Iredell, 28 gallons per minute, deemed sufficient for 2 acres. Irriga- 
tion uecessarv in July and August. 

Three artesian wells at Kopperl used for family, stock, and gardens. At Morgan, 
about 20 gallons per minute, used for domestic purposes and flower gardens, irrigates 
4 or 5 acres; efiect of water is beneficial. If stored the same well could irrigtite 75 
to 100 acres, according to opinion of Mr. T. F. Lockett, of Morgan. Rainfall about 
27 inches, of which about 10 inches fall between April and September. By present 
methods of farms |8 to $15 is made net on cultivated lands. By irrigation two crops, 
$50 to $100 net, could be made every year. 

Note, — This county is exceptionally well favored in the matter of water supply. 
Artesian wells can be had in almost any part of the county at a cost oif $:)00 to $700. 
Ordinary wells are shallow, with an abundance of good water. The streams are nearly 
all permanent and the county aflbrds hundreds of locations where rfservoirs could be 
built at a trifling expense. The people fully appreciate the value of irrigation but 
do not understand its application, and hence only a few gardens are irrigated where 
there" should be thousanrls of acres. 

Burnet County, — J. M. Kinoaid, Oakalla, Tex. : " Artesian well, 50 gallons per minute, 
estimated by owner capable of irrigating from 250 to 500 acres. Rainfall between 
April and September very scant, but irrigating is necessary every year during the 
croppingseason . 

Louis rolk, county surveyor: "No artesian wells in county; mountainous section 
abundantly supplied with springs; water on table-lands found by boring at from 80 
to 250 feet, but water does not rise to surface owing princi])ally to caves in the ground, 
to which water rises and then flows oft." 

Texas State Report 1882: "The rainfall while not deficient in quantity (averag- 
ing 34 inches) is occasionally too scant in late spring and summer for the full de- 
velopment of such crops as mature during those seasons, but wheat, oats, and barley 
rarely or never suffer from drought. So of the several kinds of midsummer vege-- 
tables, irrigation has been found to be advantageous and is beginning to be resorted 
to with the most beneficial results." 

Callahan County, — D. Richardson, Baird, Tex : " There is a sand flat between Clyde 
and Baird through which the railroad passes at an elevation of about 1,750 feet above 
aea level, where there are at least 1,000 acres from which no surface drainage ever 
flows. The railroad made an opening under the track to drain this flat, but no water 
ever passed through it. We ha^at one time in May, 1890, 4 inches rainfall in twelve 
hours, and all went down in this sand flat. We think at some point below this flat 
an artesian well conld be had with a good flow. One-fourth mile east of this flat 
railroad hands dug a 15-foot well that gave water ample for 100 men and 50 horses. 
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This flat 18 more elevated than the coantry aroand, and is at the head of the Dead- 
man Creek, fiowinfl; northwesterly/' 

E. £. Solomon, Baird, Tex: ^<The rainfall daring cropping season between April 
and September was, in 1887, abont 18 inches ; 1888 abont 19 inches, 18^ aboot 18^ 
inches. Lrigation wonld be necessary for development of a full crop every year." 

J. B. Norton, Cottonwood Post Office: '* At this place (Cottonwood) there is an 
abundance of good water at from 4 to 20 feet, which in my opinion can be used for 
irrigating purposes, owing to the vast amonut of it so shallowl There never has been 
any attempt made for arteisian water. There is a steam mill and gin here, that is sop- 
plied with water from a well 4 feet in depth which can not be drawn empty, and a 
number of others as strong." 

NoTRS.— A snbirrigated farm owned b^ J. W. Maltby, 7 miles southeast of Baird, 
is located at the mouth of a ravine draining several miles of country above. The 
•oil of the farm is a loose, porous, sandy loaru, with a gravelly subsoil. The drain- 
age of the ravine passes under this and affords a most abundant supply of water. 
One or two dug wells on the farm are from 5 to 8 feet deep. The farm has never 
1>een irrigated from the surface, but at all years grows magnificent crops, among 
them the finest of fruits and European grapes. 

Note. — Within a radius of 3 miles from Clyde (altitude 2,070 feet) there are abont 
48 wells varying from 25 to 30 feet in depth, costing on an average from f 18 to |^. 
No windmills are used and no one irrigates, but nevertheless at some time each year 
water could be used to great advantage. On moHt farms a storage reservoir could be 
cheaply built. The railroad well at Clyde furnishes from 10,^)0 to 15,000 gallons 
daily. It is a dug well 16 by 16 feet and 44 feet deep, the excavation being carried 
below the water stratum. A boring was made 400 feet below the bottom, but no ad- 
ditional supply was secured. 

In Callahan County generally there is fine water in the post-oak timber lands, 
which are generally sandy and underlaid with water proof clay. The water in the 
sands is always soft. In a few wells on the upland prairies the water is hard. At 
Baird, altitude (barometer) 1,850 feet, the water obtained in wells 30 feet deep is salty or 
mixed with other minerals making it unfit for use. The time when water could be 
used to beat advantage for irrigation is in the months of March and April and again 
in July and August. 

Caldwell County. — Mean annual rain.fall 36 inches, falling in fall, winter, and early 
spring. Very scant in midsummer and crops often cut short in yield. Common 
wells 10 to 20 feet deep and good water in abundance. GK>od springs are numeroas 
in places. The San Marcos River would also afford water for a very large acreage. 
No lands irrigated at present. 

Clay County. — James F. Carter^ Henrietta : ** Rainfall between April and September 
from 3 to 5 inches. Irrigation not necessary every year. Rain is getting to oe more 
plentiful. Annual rainfall 28 inches. Mrs. Rachel D. Ivie, Myrtle P. O.: <<Inthia 
part of the county there are a number of good springs. Soft water in abundance is 
got at from 12 to 50 feet.'' Average depth of wells 25 feet. (Texas State Report, 18d2.) 

Coleman County, — L. L. Shields, Trickham P. O. : ** The only flowing well iu the 
county is 220 feet deep and flows salt water and oil. The water is only used as 
a medical wash and salve.'' Ordinary wells of good water are obtained at a 
depth of from 15 to 50 feet. According to the register of the United St-ates military 
telegraph office at Coleman City, the rainfall for the year 1880, considered aboot an 
average with the five pteceding years, was as follows: January, 2.03 inches; Feb- 
ruary, 2.01; March, 3.69; April, 2.18; May, 4.43; June, 4.33; July, 3.13; August, 
1.78; September, 7.05; October, 1.78 ; November, 1.46; December, 1.96; t€ital, 35.63 
inches." (Texas State Report, 1882.) No one irrigates, but there is no donbt but that 
the prosperity of the farmer could be greatly increased if he did. 

Comanohe County,— ** The mean annual rainfall is 26.90 inches, and for wheat and 
other crops maturing in early spring is always ample, but oocaaionally is too scant to 
assure late summer crops. Pure freestone water is secured from springs, which aie 
numerous, and from wells, the latter being easily obtained at from 30 to 40 feet in all 
portions of the county." (Texas State Report, 1882.) 

Concho County, — John M. Pruitt, postmaster, Vigo, Tex. : " On nearly all the stock 
pastures there are bored wells with pumps and windmills. These wells are occasion- 
ally used for irrigation of gardens in add! tion to supplying water for stock. The bored 
depth ranges from 60 to 240 feet, according to altitude of location. M. R. Scudder, 
of Vigo, has a well on the * Divide' of the San Saba and Concho, which he uses for 
irrigation to a small extent. There are two small farms near the head of Kickapoo 
Creek that are irrigated from the waters of the creek, but the stream does not afiord 
water sufficient to irrigate much land. There are thousands of acres lying around 
me that can not be surpassed in richness. If the artesian well system was applied 
to these lands there is no figuring on the results. The writer is of the opinion that 
this system and none other would increase the amount of rainfall Just in proportion 
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to amonnt of water broaght to the sarface." '^Annaal rainfall, 25.04, at Port Concho, 
16 miles west." (Texas Bta^ Report, 1882. ) 

Cooke County. — Reuben Perkins, Callisbiirgh P. O. : " In this immediate vicinity 
water in abandance at20 to 40 feet. Tbe rainfall is generally sufficient to mature 
reasonable crops." Mean annual rainfall 38 inches, and droughts sufficiently pro- 
tracted to damage crops are infrequent. (State Report, 1882. ) 

Coryell County. — W. H. Belcher, Pidcock Ranch P. O.: "In Cowhouse Valley, 
through which runs a small river, part in Hamilton Conntv and part in Coryell 
County, are abont fifty flowing wells. One well flows 50 gallons per minute and is 
about 320 feet deep. The other wells all stop at the first stratum of flowing water. 
I believe if the wells were a hundred feet deeper that they would all run from 50 to 
75 gallons per minnte. These wells are all mineral water that has never been analyzed. 
None of these wells have more than 30 feet casing, and I expect there is great waste 
of water through the strata in the rooks. These wells can be drilled here now for 
$200. Mine was the first and drilled by insurance. Its depth is 290 feet ; cost $500 ; 
capacity 2^ gallons per minute, and is used for household purposes, live stock, and 
for irrigating a small garden, and is good for beets, potatoes, cabbage, corn, toma- 
toes, etc. It could be stored, but is not." Altitude, 2,500 feet; rainfall, about 30 
or 35 inches. *' J. T. Meeks well, 252 feet deep, cost $200." L. McCloskey, King P. 
0.: ''Well 240 feet deep; cost $240; flow, 2 gallons per minute; used for household 
purposes and live stock. No good on vegetation." J. M. Davidson, Pecan Grove : 
"Flowing well, 220 feet deep; cost $233.60. Flows i-inch stream, soda and sul- 
phur, good for family use, watering stock, and irrigating one-fourth acre of garden. 
Aflfects fine vegetables. Flowing wells are from 130 to ($00 feet deep, and a beautiful 
showing for irrigation. Many wells in this community already." C. L. Graves, Gates- 
ville, Tex.: '' 8ix or seven wells near Gatesville, 500 to 550 feet deep, flowing from 2 to 
20 gallons {ler minnte. Annual rainfall about 33 inches, of which 20 inohes fall 
between April and September." 

Denton County. — Four flowing wells in town — ^flowing from 8 to 10 gallons per min- 
nte— and a large number in the County. Denton P. O., from 175 to 600 feet deep. 
None of the water is used for irrigation. Rainfall, 33.90 for 1880. Common welJs 
16 to 14 feet deep. 

Dewitt County, ^Thiee artesian flowing wells in county, 64 feet deep, flowinf; 7 to 8 
gallons per minute, and used foi live stock. ''Water supply in county abundant. 
Ordinary wells 20 to 40 feet deep. The mean annual rainfall is 36 inches, and, as a 
rale, fairly well distributed throughout the year, but late crops sometimes suffer from 
drouth." (State Report, 1882. ) 

Dmmit County.— S. D. Frazier, Carrizo Springs post office : Flowing well at 165 
feet; cost, $330 ; flows about 40 gallons per minute. Used for domestic purposes and 
irrigation of 4 acres. Its irrigating capacity is estimated at 20 acres. The water 
appears to have the same effect as rains. Irrigation necessary abont three years out 
of five." Good pure water in ordinary wells is 25 to 50 feet below the surface. The 
mean annual rainfall of 24 inches is irregular and unevenly distributed through the 
year, and irrigation is necessary to assure uniform crops. (State Report, 1882.) 

Eastland County. — All the common wells bored or dug in the vicinity of the towns 
of Eastland and Cisco, varying in depth from 20 to 70 feet, are either salty or brack- 
iBh, the water nearest the surface bein^ the best. All the residents depend on cis- 
terns for their domestic water supply. Near the center of the conntv good water is 
obtainable at a shallow depth, but these wells dry out in time of drouth. In the 
Sandy Creek neighborhood, about 2^ miles northwest from Cisco, are several wells 18 
feet deep, affording a good supply of water, and Mr. G. W. Pearoe irrigates his garden 
from one of these welu. Ttie railroad dug a well in the same neighborhood 14 by 14 
feet 65 feet deep, but secured no water. A boring of 200 feet was then made in the 
dug portion and the water rose within 12 feet of the top of the dug well. As the 
water seems to contain an excess of soda the well was abandoned. 

Beginning southwest from Cisco and thence to Cottonwood post office in Callahan 
County, abont 20 miles distant and extending south and west from that point about 
15 miles in either direction, is a regiou in which water in the greatest abundance is 
found within 3 to 40 feet fbom the surface. Most of these wells have excellent soft 
water, though a few are brackish. Nearly every one of these wells held its own dur- 
ing the drouth of 1886. On the Texas Central right of way, about 4 miles southeast 
from Cisco, the railway bored 400 feet with a diamond drill while prospecting for 
coal. At 40 feet a good supply of fresh water was found, but it seems that no moro 
was found below that point. 

' The mean annual rainfall is 27 inches and is usually distributed more favorably 
for fall, winter, and spring crops than those maturing in summer. The following ob- 
wrvations will apply to Eastland, Callahan, Palo Pinto, Stephens, Parker, Shackel- 
ford and a number of adjoining counties in which coal indications are more or less 
numerous, and in which there is post-oak timber. 

Considmble areas in all of these counties are of a clayey nature sufficiently tena- 
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cioDs to qniokly ahed n'ater. duly a Htnall proportion of the rainfall is retained in 
ttiig claBH of land, and in conHeiiLii;nca luucli moro lAt^r must be niipplied these 
landa than to the sandy loams uominoa in tlio hiluiu country. Tbese loams geaerally 
liu on the claj and hold water to a remarkable ilegree, nroduaing durinf; the droath 
of 1881! fair crops of cotton and corn, white ou tbe clay lands, tboDsaud of oak trees 
that bad attained a growth of 12 incbes diameter died. The aaudy landn are virtual 
reBervoirs of wal«r, are generally smooth, and have very few water conrxeii, ae tbey 
seem to retain all the rains that fall on them. The clay lands, on the contrary, are 
full of water channels and raviues, and during heavy rains sb«^d tbe fn-ratcr part of 
tbu water falling on tbcni. Tho ravines and othi-r water conrsos become raging tor- 
ivtit*. which are poured on tbe lower-lying lands and cause tremendons daiDaRe 
ibr-rn, while tbe rain that caused it has done Imt little good where it tell. Owin^ to 
the tromeoiloiw' wash "of IheBo torrents, tbero are Ihoiisandsof places where wairt 
can bii storeil to advantage, id bodiencoveriiigoui'-balf of anacreto!JOat*oB. There 
ery iew farms in the clay lands, where a few days' work would not build a good 
voir. Part of the crop is lost nearly every year, when praotlcally there is no 
eicuHLi for it. An irrigation will only be needed in June, July, and August, a r*«er- 
voir or tank 1 acre in tiicti^nt and 5 I'eet deep, will readily supply all tbe water needed 
for 40 to GO aurea of coru or cotton. The clay noils, when i>oilt into "tanks," will 
bold water like BJug, and the only loaa will be by evaporation. On a good many 
farms a "tank" cau l>e built ou the upper end of thefanu, but where this is not prac- 
ticable, it can be built on the lower end and pumped to a aecond tank on the npper 
end, thus: 




Quite a unniber of renervoirs have been built since 1B86 for stock water, and these 
hold water all year. Tlio people realize tbe value of irriKation, and would apply it 
if tbey knew bow. Tbev admit that tUity can have all tbe water they want if^tbey 
store it ; and tliuy admit, further, tbut if evtTv farmer and stockman in these conulics 
would build a tank or rcxcrvoir, that Ihcycou id completely change the climate. Tb»; 
would have good water in thi-ir wuils, liave tiioiinauds of springs, have running water 
in tlioir creeks all year, and, abovt; all, would have rains when they need them, u 
tbe evaponition from thoiiHaiids of boilies of water could not tail to provoke r>in- 
where a hot, dry soil would r •■ ' — '- -■'--■ 

I have devoted conniderabl 
that, first, what w.itcr thi-re 
etiiQk use. If then- is any o 
larger siipply will be obtaini' 
salt and soda after k<>>u)I iIov 
Gordon, and tbe otUei- borio 
Waldrip ehow salt present at 

artosinn wells itwill l>e at s , . , 

purposes, nnless a very large flow, say a 1,000 gallons per minute is sccnred. Under 
the cirouinstanBes, I see uo other efBcient way of securing water for Irrigation than 
by the irrigation storage "tank" or reservoir. 

Krath CouR'jF.^Tbere are a large number of flowing wells on Palmy Creek, Tary- 
ing in depth from 1^0 feet to MOO teet. in cost from |I00 to {1,500, and in flow bom SO 
gallons to 200 gallons per minute. I coulil not ascertain the correct number, ma dif- 
t persons stated varyine numbers from ■ib to 175. The wells seem to be ci 
to the valley of the Palu; ' ' - - - 

fiuther up stream the borings ai 



li, abovt; all, i 

lands of boilies of w 

1 not have siiob etfect. 

ilili' spai^e to tbe matter of storage re«ervotrs for the reason 

re is lu the Randy tracts is needed for local, domestir, and 
over tor irrigation it will he used there. I doubt that a 

ii'd bi'low. On tbe clay lands common dug wells nin into 
u -JO to 70 feet from the surface. Tbe flowing wells at 
I,a at Eaatlaud, Cisco, Albany, Baird, Tricktaam, and 
a depth of SOO to I.tiOOfeet. If good water is found in 
a depth aa to make it unprofitable fur agricnltnral 
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•n the lower levels show a tendency to rob the upper wells where there is a natnber 
close together. * 

The rule applies here as in the other artesian districts, that the deeper the boring 
is made the stronger the flow. There are also a great many pumping artesian wells 
in the county ; these are in the vicinity of Stephensville aud some of them are 200 
feet deep. The water is raised by windmills but is very abundant, as there seems to be 
an immense storage reservoir under pressure beneath. This also applies to wells in the 
vicinity of Skipper's Gap. Along the north line of the county salt and sulphur water 
are found at a depth of 960 feet, as shown by the flowing well at Thurber, a coal- 
laining town. It seems to be the rule hern as in Palo Pinto, Eastland, andCallahau 
coanties, that wherever there are indications of coal good water can be only found 
at great depth. All the artesian waters iu this county except the Thurber well are 
beneficial to plant life. Hon. J. L. Humphries, county judge, resident at Bluff Dale, 
thinks that strong flows could be had most anywhere in the county by going deep 
enough, say 1,000 feet to 3, 000 feet. The annual rainfall is 27 inches, sufficiently irreg- 
ular to occasion some loss almost every year, but very rarely resulting in totalfailure. 
One or two irrigations, equal to a 3*inch rainfall, applied in June and July, would 
in all probability secure perfect crops nearly every year. This water can be readily 
supplied by the artesian wells, common wells, and dirt storage reservoirs. 

Frio County — ^Three artesian wells have been bored in this county varying in depth 
from 158 feet to 391 feet and in cost from $273 to $910. Flow varies between 3| to 8^ 
gallons per minute. The water appears to be beneficial to plant life, and the wells 
are used for irrigation of abont 3 acres each. The mean annual rainfall at Castroville, 
20 miles from the north boundary of the county, is 22.45 inches. Drinking water is 
tbtained from wells of moderate depth in nearly all parts of the county. 

Gillespie County (altitude 1,700 feet).— Rajinfall 28 inches. Wells shallow and 
springs numerous. 

GoHtalsB County, — Dr. J. K. P. Green's flowing well, 130 feet deep, cost $400 — ^flow 
3 gallons per minute, used for general purposes and irrigating garden. J. M. York's 
well, 192 feet deep, flow 3^ gallons per minute. James Ueen's well, 216 feet deep, 5 
gallons per minute, water iu all three soft and clear. Ordinary wells of moderate 
depth, but many cisterns used. Annual rainfall abont 38 inches; generally well dis- 
tri bated, though late summer cTops are sometimes injured by drought. 

Qoliad County. — Hy Shaper, county judge, owns two flowing wells each 60 feet deep 
flowing 10 gallons per minute ; not used for irrigation. Annual rainfall about 36 
iochee. Ordinary wells of moderate depth. 

Grayson County, — Four artesian flowing wells near Pottsborou^h, not used for any 
purpose. Ordinary rainfall 39.94 inches, and often in excess. No irrigation practiced 
in county which is a fine fruit growing region. 

Tom Green County, — H. C. Sweet, Mangom, Tex., ^' Water is obtained in ordinary 
wells in from 12 to 40 feet all over the county." 

Hardeman County, — Rainfall principally in fall and spring, very little in midsum- 
mer. Irrigation not necessary for wheat and oats, but would greatly benefit com. 
Have not observed rainfall closely but think 12 inches fall between April and Sep- 
tember. 

Easkell County, — ^A. C. Foster, Haskell : " Irrigation would assist 50 per cent. 

Hays. — Mean annual rainfall above 30 inches. Ordinary wells of shallow depth. 
Ko flowing wells. 

HiXl County,— (3, O, Files). In this vicinity there is a number of flowing wells. 
There is one here at this place 250 feet deep : the water stands 150 in same, bore 6 
inches in diameter. The supply is considerable, and has never been tested. A wind- 
mill is used for elevating the water, and has never been exhausted. The water is very 
soft; in all of these deep wells there seems to be slight traces of sulphur, but not un- 
pleasant to the taste. 

We have what we call surface water which we strike in di|;ging from 10 to 40 feet, 
and affords an abundance of water for general purposes, and it might be used for irri- 
gation purposes to good advantage. We have also springs that have never been 
known to fail. 

Artesian water could be obtained anywhere in my vicinity by going deep.enongh, 
and, as a general rule, the deeper, the stronger the flow. The kind of water storage, 
that we usually have is dirt thrown across ravines, which after catching full hold 
through the dry season, and have been used only for watering of stock. The system 
of irrigation has never been tried here. For the last few years we have had sufficient 
rainfall to answer all crop purposes, though this country is subject to drought ; 
then irrigation might be used to great profit. There are great numbers of bored wells 
within a radius, say, of 10 miles. Itasca, a town on the M. K. and T. R. R,, 6 miles 
West of here, is its principal water source. It has dozens of such wells, and wind- 
mills are extensively nsed for raising the water. One well of this kind supplies the 
business portion of the place. I suppose if the water was properly used it might irri- 
gate 8 or 10 acres of land. No flowing wells in the neighborhood of Itasca; the 

S. Ex. 22 19 
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neareat are the wells in Files Valley, and all bored wells in the TaUey do not flow. 
The one I mention, to wit, 250, is deeper than the wells that have a ji^ood flow. 

Hood County. — A. great number of arreNian wells along PaUixy Creek, some of which 
are nsed for irrij^ating gardencT. The flow varies from 10 gallons to 50 gallons per 
minute, the deptli from 236 to 500 feet, and the cost from $250 to $500. Irrigation 
considered necessary a^ times, though crops are made every year. '* Tanks ''or arti- 
ficial ponds for stock are qnite numerons away from the streams. The aunoal rain- 
fall is 36 inches, generally sufficient in fall and winter, but sometimes deficient in 
summer. Ordiuary wells are of moderate depth. 

Isaac Moore reports: " There are a good many artesian wells in this section. Some 
rise 20 feet above the surface. All go through blue dirt and red marl before they 
strike water. 1 have a well 201 feet deep, 3-inch flow ; water good for all purposes; 
irrigate a garden, and if all the water was saved could irrigate 16 acres." 

Jack County, — Two flowing wells, 7 miles west of Jacksborongh, 96 feet and 130 feet 
deep. Mean annual rainfall, 26.23. Irrigation deemed necessary aboat one year in 
three, according to opinion of Mr. O. Jasper, Jacksborongh, Tex. 

Johnson County. — James A. Drenuan, fiquestria post office: '' Rainfall between 
April and September between 7 and 9 inches. Irrigation necessary from 15th of Jnne 
to September 1." 

Mean annual rainfall, 24 inches, falling mainly in winter, spring, and early sum- 
mer; sometimes scant in midsummer. Good wells are easily obtained. Texas State 
Report., 1882. . 

Karnes County. Skiles post office. — "There are no artasian wells in this section. 
Several bored wells ; water obtained at from 120 to 200 feet. Some very good, some 
salty. Artesian wells could no doubt be had by boring at from 500 to 900 feet." 

Annual raiulall, 3o inches; most abundant in fall, winter, and spring, aud often 
too ^cant in summer for late crojw. State Report, 1882 

Kerr County. — Japouica. Ann E. Joy: **A. E. Burgo, A. H. Cox, W. R. Bean, J. 
Viuing, L. S. Hatch, A. J. Mrrrett, and others have bored wells, not artesian, ranging 
iu cost from $3L'0 to .S~)00 ; used for watering stock. The water, is raised by wiudmillb, 
and is said to be good for watering crops." 

Irrigation does not seem necessary every year, but is needed for vegetables, unless the 
season is very wot. Those that live on the water courses have lasting water all the 
time; on the ''divide" they use wells and windmills. Altitude, l,Ga0 feet. Raiufall, 
29 inches ; greatest fall in April, May, June, August, and September. 

Kimble Counti/. — Frank Vickrey, county surveyor: *• Irrigation necessary more or 
less every year." 

Mean anutial rainfall 24.90 inches, but is not usually so distributed as to insure 
spring and summer crops, for which irrigation is necessary and could be cheaply ob- 
tained on many of the streams. Texas Report, 1882. 

Lampasas County. — The mean annual rainfall is above 32 inchea, and is usually 
sufficient for all fall, winter, and spring crops, but in late summer is sometimes scanty, 
though most crops are reasimably sure without the aid of irrigation. €r«neral alii- 
tude about 1,200 feet. Texas State Report, 1882. 

La Salle County. — A flowing artesian mineral well at Cotnlla. Common wells easily 
obtained, though much water for live stock is collected in storage " tanks" or dirt 
reservoirs. Mean annual rainfall is 23 inches, but is not so distributed as to insure 
late crops, which frequently suffer from drought. Farming as a distinct pursuit is not 
followed, the only land tilled being small patches attached to stock ranches. The 
annual rainf «11 in the vicinity of the Cotnlla flowing well (reported elsewhere) \s 
stated to be about 16 to 20 inches; during cropping season, April lo September, 
from 2 in 10 inches ; irrigation needed three out of tive years. 

Llano County. — The mean annual rainfall is24.90 inches. Late summer crops some- 
timoN require irrigation, for which the facilities are ample and oouTenient along the 
several streams, and to a limited extent near some of the springs. 

McCuUoch County. — J. L. Spiller, Voca post>office: "Irrigation is necessary every 
year. Some bored wells here. They cost $1.25 to $1.50 per foot; others cost ^ 
per foot. All are in solid sand rock 25 to 75 feet. One iu town here is So feet di^p. 
I sn))pose it could be used for irrigation, though it would be very expensive. No 
artesian wells in this vicinity." 

There are two bored wells iiear Waldrip, bored by coal prospectors, which aroused 
for stock. The water is too salty for purposes of irrigation. The ananal rainfall 
is 24.90 inches, and it is believed to have gradually increased in quantity as well as 
regularity of distribution within the past decade. Altitude about 1,200 feet. (Texas 
State Report, 1882.) 

Menard County. — F. M. Kitchens, Menardville. *^ Rainfall in the county very irreg- 
ular, and irrigation is necessary every year." 

Deep borings for water result in the finding of sour and salty water; that is, at 
150 feet sour water and at 450 feet oil and salt water, thoagh Mr. K. thinks fresh 
was struck at 800 feet. Shallower borings seem to afibrd good wateiw 
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" The mean annaal rainfall, as registered at Fort McKavett, was, for the yeav 1878, 
121.88 inches; 1879, 16.65 inches; 1880,28.61 inches; 1881,21.7*2 inches, the highest ' 
mean monthly precipitation being in July, Angnst, and October. In an article pre- 
pared for the editor of the Texas Almanac for 1867, by Hon. James K. Brack, at that 
time representative in the State legislature, the fact is stated that near the center 
of the county, on the San Saba River, are fonnd^the remains of an ancient mission, or 
presidio, believed to have been occupied a hundred years or more ago, and near ib 
are unmistakable evidences that many thousand acres of the valley were at one time 
in cultivation, by systematic irrigation, and chat wheat was the product chiefly 
^rown." (Texas State Report, 1882.) 

McLennan Couirty.— At Waco are the strongest flowing wells in the State. There 
are five altogether. Four of them are owned by the Bell-Moore Water Company of 
Waco. Of these the largest hat» a bore of 8 inches and a depth of 1,852 feet; another 
well hafi a bore of 5f inches, and the two remaining ones have a bore of 4^ inches 
and a depth of 1,834 feet. Tne cost of the largest well is given at |7,200, that of the 
5f-inch well at $5,000. The two 4^inch wells probably cost each about the same, as 
they were all intended for 8-inch wells, and the reduction of bore was dne to acci- 
dent. This would equal an expenditure of about $22,2C0 for the four wells, to which 
might be added the cost of four other borings which resulted in failures. 

The Waco Water and Power Company's well has a depth of 1,812 feet. Its cost is 
not known but can be estimated at $6,500, if not more. Assuming these figures to 
be approximately correct (though the same work can now be done for much less 
money since the drillers now thoroughly underst^ind the nature of the material they 
penetrate), the cost of the Ave wells, exclusive of cost of former experiments, of 
stand pipes, water mains, storage reservoirs, hydrants, etc., would be $28,700. The 
adrertieed capacity (daily output) of the Bell-Moore wells is 3,800,000 gallons, and 
of the Wafer and Power Company^s well is 1,200,0(0 gal1onf>, ag|;regating daily 
5,000,000 gallons. None of the wells are used for purposes of irrigation barring the 
sprinkling of lawns and the watering of flower gardens. Fiom an agricultural point 
of view these wells are iu the wrong place. The annual rainfall about Waco is, ac- 
cording to the report of the commissioner of statistics of Texas for 1882, 39 inches; 
the seasons are generally regular and protracted drouth t>8 are of rare occurrence. 
The welts constitute the water supply of a city of fair size. 

If these wells were situated on the Texas Staked Plain, where they could count as a 
factor in irrieatiou, they would prevent the following possibilities: The rainfall of 
the Staked Plain varies between 18 and 30 inches, falling mainly between the 21st of 
April and the 15th of September, apparently at precisely the right time to perfectly 
mature orops. But this is not the case, as the rain comes in tremendous showers 4tt 
comparatively long intervals and wilhout regularity. Some locality will receive fine 
loc^ showers at abort intervals, while some other point not 30 miles distant will al- 
ternately have a deluge or a drought. Now, taking 18 inches as the minimum quantity 
of rainfall any locality on the Staked Plain and Panhandle is likely to receive, it 
would be safe to allow a maximum quantity of irrigation water, equaling a rainfall 
of 18 inches, to be supplied artificially. This wonld give that section of country 
the equivalent of a 36-inch rainfall, distributed just at such times when needed, se- 
curing a perfect crop in every sense of the word, which means from 40 to 50 bushels 
of wheat and from 90 to 120 bushels of oats and from 1 to 2 bales of cotton per aore. 
The driest time on the plains is from the middle of September to the Slst of April, 
and two-thirds of the artificial water will have to be supplied during that time. 

Supposing the five Waco wells to be situated on the plains, there would be avail- 
able 5^000,000 gallons, or 1,825,000,000 gallons in one year. Each aore that is to re- 
ceive its fall share will be entitled during the year to 488,772 gallons, the equivalent 
of 18 inches of rainfall ; 3,734 acres could then receive their supply from these five 
wells doring the year. Divided into 40-aore farms there wonld be 93 and a fraction. 
To Bucceasfnlly irrigate these each farm would require a small storage reservoir, cir- 
cular, 66 feet diameter and 6^ feet deep, which would be filled three times during the 
year; four irrigations of 4^ inches each would be more than enough. The cost of the 
wells at Waco is about $28,700. Sav that, if the water were known to be present, a 
flow of 5,000,000 gallons daily could be secured on the Staked Plains at $30 000, the 
investment would pan out about as follows : Divide the cost of the flumes and ditches 
necessary to reach each farm among the acres to be irrigated. This may amount to 
$10, $20 or $50 per acre. The cost, whatever it is, constit utes the value of the water 
right, which probably will not exceed $10 to $15 per acre. The use of the water 
ought to be worth $2 per acre, though it can be furnished for $1 per acre. Figuring 
St $2 per acre, the annual income will be $7,448, or about 24.8 per cent, on the money 
invested. The cost of the supply per acre will be about $8.03. It is evident from the 
foregoing that artesian wells, if strong enough in flow, will pay, and that it will pay 
at depth of 1,850 feet. In fact wells from 2,500 to 3,000 feet will pay if the water is 
there, but under present conditions private capital can not be obtained for the pur- 
pose of ascertaining this fact ; but once assured that the water is there, I believe 
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that an anliinited amount of money conld be obtained for the boring of anoh welb. 

Materiok County, — W. A. Fitch, Eagle Pasa : Artesian well under construction, \A^ 
feet deep. Salt water at 360 feet and at 525 feet ; gas at 580 feet. Mean annual rain- 
fall 13.()6 inches. 

Montague County, — J. H. Wolson, Sunset: "No artesian wells. An excess of raio 
during the past month ; need no irrigation. All wells in these parts are bored from 
40 to 120 feet deep. Excellent water, slightly limestone. An abundance of water 
found in gravel and quicksand, but all on a general level. There is a mineral well 
at this town.'' 

"Wells of good water can be obtained in all parts of the county at an average 
depth of :35 feet. The mean annual rainfall is 30.23 inches, and is usually so distribated 
that protracted droughts are uncommon. (State Reports, 1882.) 

Paio Pinto County, Gordon. — There are three flowing wells at and near Gordon, 
varying in depth from 488 to 498 feet, costing from |500 to $800. The water obtained 
contains salt and gas, and is unfit for purposes of irrigation. Mr. O. W. Cotney, of 
Gordon, thinks that the last water obtained was frc^h, and that by the use of proper 
casine good water might have been received. The flow from these wells is only about 
a gallon per minute. There are no common dug or bored wells at Gordon, as salt 
water is found : the same applies also to Santo Station, 11 miles east. A few miles 
away from the town and the line of the railroad there are many ordinary wells, vary- 
ing in depth from 30 to 40 feet, affording an abundant supply of hard lime-water, 
good for domestic use. The rainfall in the county is 26.23 inches, so distributed as^ 
to generally assure fair crops ; but in some years the rainfall is very irregular. The 
county is hilly and affords hundreds of fine locations for storage dams. Water for 
irrigation can be obtained from wells in some parts of the county, but in others the 
storage reservoir will have to be relied on. The soils are clayey and will hold water 
well if used for dams. A little labor and energy displayed by the inhabitants in the 
work of securing a water supply could make this a very rich county. 

Parker County, — There are six or seven flowing wells within a radius of 2 miles of 
Springtown, and this seems to be the only point in the county where such have beeo 
obtained. Water generally is obtained in ordinary wells at a depth of 18 to 40 feet. 
The rainfall is given as follows: 1878, 31..34 inches; 1879, 23.71; 1881, 2.3.54 inches: 
generally sufficient to mature crops every year. The western half of the count v i» 
somewhat hilly, and is to a large extent covered with post oak timber. The tiuhjioil 
in many places is a stiff red clay, and is usually found in such localities where it 
could be used in the construction of storage '* tanks'' or reservoirs from 1 to 10a4^re» 
in extent. Compared with irrigated lands, the people of this oonnty get a " half 
cr«p'' from year to year. They could vastly improve on this by using the facilities 
they have at hand. F. D. Pinkham, at Milsap, writes that ordinary wells in bis 
neighborhood are from 20 to 120 feet deep. 

Duval County. — *' During the last decade the rainfall has been annually 29.30 inches, 
and more evenly distributed than formerly. Summer droughts have become less fre- 
quent and protracted. Farming is not carried on as a business; cultivated land is 
only seen in connection with stock ranches and limited to raising vegetables and com 
for the rancheros. Wells of pure water are generally obtained at a moderate depth.'' 
(Texas Report, 1882.) '* There are some wells in the connty 250 to 300 feet deep that 
are operated by wind power or pumping jacks. No Artesian wells in the county."— 
Jno. J. Dix, connty surveyor. 

Robertson County, — L. T. Fuller, Calvert : There are a great many flowing wells all 
through our bottom lands and two in town. 

San Saba County. — J. U. Martin, San Saba : The average depth of common wells is 
from 20 to 30 feet. Many of these dried up in 1886. They then bored 100 feet further 
and the water then rose to the surface. Water to irrigate 10 or 15 acres can be had on 
almost any farm. At the present time there are barely 1,000 acres under irrigation, 
water derived from springs. The water for one farm is pumped from the San Saba 
River. Farming lands are worth $4 to |10 per ^cre, and irrigated laiid8$50to|lOu 
per acre. 

DISTRICT NO. 3.— ARID REGION. 

This district comprises all that portion of Texas lying west of the 
one hundred and third meridian, where it crosses the Pecos Biver, and 
south of this river to the Rio Grande, which forms the south boundary. 
All of this territory adjoins Xew Mexico on the north. It contains 
the connties of Brewster, Bnchel, El Paso, Jeff Davis, Foley, Pecos, 
Loving, Presidio, and Ward, comprising in all 81,620 square miles. The 
altitudes of the district are given as follows : 






il'f. '■. 
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feet. 

T«za8 Pacific Railway : 

Peco« 2,590 

Toyah 2,975 

Antelope 4,320 

Boracho 4,460 

Kent 3,900 

Carrizo, now Allautore 4, 610 

Sierra Blanca 4,700 

Southern Facitic Railway: 

El Paao 3,713 

Yflleta 3.664 

Rivera 3,648 

San Elizario 3.630 

Fabens 3,614 

Rio Grande 3,664 

Fort Hancock 3,519 

Madden.-..^ 3,668 

Finlay 3,945 

Malone 4,265 

Etbolen 4,648 

Sierra Blauca... 4,512 

Orayton 4,227 

Torhert 4,343 

Dalberg 4,188 

Haakell 4,013 



Feet. 

Chispa.-.t 4,082 

Wendell 4,223 

Valentine 4,424 

Ryan 4,746 

Marfa 4,692 

Paisano Pass 5, 082 

Toronto 4,7:J4 

Alpine. 1 4,485 

Strobel 4,493 

Altuda 4,642 

Marathon 4,043 

Warwick 4,071 

Raymond 3,883 

Maxon Spring 3,538 

Rosenfeld 3,665 

Longfellow , 3,274 

Emerson 3,095 

Sanderson 2,780 

Eldridge 2,362 

Dryden 2,109 

Thnrston 1.9U 

Lozier 1,535 

Sainnels..... • 1,8^6 

Langtry 1,321 

Shiinila 1,418 



The United States Government observations are: 



Feet. 

Aioya Esoondido 2,115 

Fort Bliss 3,8:J0 

Comanche Spring 2, 874 

Fort Davis 4,700 

Eagle Spring 4,536 

Hueco Pass 5,450 

Hneoo Tanks 3,935 



Feet. 

Leon Spring 2,^07 

OJo Esoondido 2,311 

Pecos Spring 3,098 

Presidio del Norte 2,779 

Fort Quitman 3,710 

Fort Stockton 3, 050 

North Franklin Mountain.... 7,069 



The annnarrainfall as observed at El Paso and at Pecos Oity, varies 
between 10 and 17 inches, being precipitated mainly in the months of 
Jane, Jnly, and Aug^nst. The rainfall is very irregular, and agricultural 
pursuits without irrigation are out of the question. On the mountains 
theiainfall frequently equals from 10 to 15 inches in a single shower while 
the lower lying plains or mesas receive less than that during an entire 
year. Deep well borings have been made in a number of localities, but 
no artesian water has been found except in the valley of the Pecos Biver. 

Flowing artesian ioelU at Peoo» City, Reeves County, 



Owner or informant. 



J.B.OnNion ... 
W.S.llanhaU 



TezoftPaciflo Railway 

C. H. Merriinan. 

W.D. Jobnaun 

Do 

T.H. Clayton 

Mat berson. Cook & Walker 

^ace, WallbftU & Powers 

Pecoa y alloy Laud and Irrigation Com- 
pany. 

Havens. PhilUpa A. Allen 

JuRton Bobertaou 

A.T.Windom 

W, D. Johnaon and C F. Thomaaon. .. 

County of ReeTea 

Chiltoo, Bowen. et al 



D«pth. 



Ftst. 
250 
315 

220 
185 
185 
185 
227 
213 
250 
237 

237 
shallower 
...do 

235 
227 



Bore. 



Inch, 

4 
3 

4 

3 
3 
6 
3 
3 
3 
8 

8 
2 
2 
8 
3 
3 



Coat. 



$300 
500 

440 
351 



Bemarka. 



9 gallona per minute. 

60 K^Ilons per minute, preaanre 2$ 

pounds. 
Water rises 27 feet above ground. 
60 ^llona per minute. 

Do. 
Very light flow. 



All those wells are bored within a 
y circnmfer<'nceof2 miles, and all 
of them have a continuous flow. 
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These wells are located od section 40, H. & G.N. sarvejs, and sectioD 
69, block 4^ H. & G. K. Tbe water in all of them is slightly brackish, 
some being better than others ; in one or two some saline ingredients. 
The water, however, is not injurions to vegetation and in a small way 
is nsed for irrigating gardens, thoagh most of it is allowed to run ad 
libitum and make a mud puddle of the vacant town lots. 



Flowing arteHan wells at Toydhf Beeves County, 



Owner or infonnatit. 


Depth. 


Diame- 
ter. 


Coat. 


Bemarks. 


XexM And Pacific Sailway . . . 
Do 


Feet, 
834 

514 


Inches. 
12 


5 


300 jcalloDS per minute, or 432,000 fralloas per 

dietn. 
About Ofrallons per minute. Koir being bond 

down farther. 


-» 





Top. 



t Bottom. 



The water from both of these wells is white sulphur with a salty taste, 
and can be used to advantage for irrigation, as the water does not seem 
to be injurious. 

At Toyah the water is founi at 20 to 30 feet. Underneath this, at a 
depth of about 200 feet, at Pecos, is artesian water under great pressure. 
I^ow at Toyah, altitude 2,975, the same water is found at about the same 
depth and in about the same niaterial, but it is devoid of pressure here. 
At 832 feet a strong flow (300 gallons per minute) of sulphur water was 
obtained. (It is claimed that the sulphur came trom some higher point 
in the well and that the bottom water was pure, and that the present 
outflow is Impregnated with sulphur only because the casing was defect- 
ive.) It is probable that this same water will in all probability be found 
at Pecos at a similar dex)th. Adding to the pressure existing at 200 feet, 
300 gallons per minute through 3 inch pipe, the weight of a column of 
375 (the difl'erence in altitude between Toyah and Pecos) it is easy to 
presume that at a depth of 1,000 feet artesian wells can be obtained 
which will flow from 1,000 to 2,000 gallons i)er minute. 

The wells of this subdistrict as a rule are very deep and the water 
found in many of them is practically unflt for use. Those on the Lauonia 
Mesa, north of El Paso have »»een described. A few shallow wells, nine 
or ten, are in the valley between tbe Diablo and Carrizo Mountains, 
and are from 30 to 40 feet deep. Their supply is perhaps sufficient for 
a few hundred head of cattle, but they will have none to spare for irri- 
gation. Whether or not artesian water can be obtained on the great 
mesas in El Paso, Presidio, Buchel, and the southern part of Pecos 
Counties, the authorities differ. Some of tbe well-drillers claim it can 
be found and some geologists assert the contrary, with tbe history of 
the Southern Pacific and Texas and Pacific Railway wells in their favor. 
The geologists predicted total failures at Pecos City, and a most abun- 
dant flow was secured, not only in one well but in twenty -three. On the 
other hand, an enterprising well driller, with more perseverance than 
discretion, tackled the granite core of Franklin Mountain, north of El 
Paso, bored 800 feet in granite and left a dry hole. It is asserted that 
goin^ north of tbe Franklin Mountains, and east into tbe valley between 
the Franklin and Hnsco Mountains there is a vast underground stream, 
and that in this valley flowing water could be obtained. 
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Other deeptcelU in Diairiet ^b. 3. 



Looation. 



Conntj! 
SittTA BlanoA. 



OwBer. 



Texas MidPaoifloSall- 

way. 



Depth. 



FeeL 
1,000 



. $4»W0 



Wftter fttrong alkali 
aod brackish rarely 
noed. Unfit for steam 
for irrigation, or ho- 
mannse. 
Ifo prirate par^ ooald maintain a well hercL the depth too great and the cost of raisin^t too mach. 



Diame* 
ter. 



InehaB. 



Cost. 



water 
ih>m 
snr- 
ffeoe. 



906 



Bemarks. 



TortMTt. 



(Sonthem Paoiflo IUil-> 
I way. $ 

Lanoria, MesaConnty 
No.2 



No. 3. 
No. 4. 
No. 9. 
Na6. 
No. 7. 



1,060 

246 
262 
621 
232 
210 
240 




7.300 



































Only a seep of water. 



'Welli Noe. 2, 8, 6, 6, and 7 all finished at average of 30 to 35 feet below where water was stmok, being 
in a bed of sand, cravel, and watM*, which percolates into the pnmp pipe as fast as it can be pumped. 
'Working the drilling engine on a 3-Inch pomp can not decrease the sapAly in the least., which appar- 
ently nnderlies the whole mesa, as one vast lake bed. Water being perfectly pure and soft as per fol* 
lowing analysis : o temporary hardness, 6 o permanent hardness, eq Bivalent to 8 grains carbonates to 
gallon of water. " Clark's scale." Well No. 4 stmck water at 225 feet and continued in water and sand 
to 534 feet, where a stifler formation of clay. Cased same off, and in penetrating that the water rose to 
65 feet of the surCsce and afterwards snnK to original level, where ft now is, about 215 feet ftx>m snr* 
face. Work on this well is being continued. Information from Messrs. Newman, Bnssell, and Cotes, 
£1 Paoo. Tex. 



Peooa County: 
I>ryden — 



I>o. 



Prealdio Coun^ : 



SI Paao County : 
Finlay 



BterraBlanoa, 



Torbert. 



HadceU. 



Jeff Davis County : 
Valentine 



Buohel County: 
Maxon Springs 

Peooa County : 
Longfellow..... 



SandenHm 
Dryden ... 
IiOsier .... 



Paoo County I 
BagleFlat... 



Pecos Land and Cattle 
Company. 



000 



11.80 



51 



Inezhaustible to 
horse-power or 



W. W. Simmonds : " All deep drilled wells to 10 inch 
rises to aliout 640 feet of the surfsoe." 



windmill, 
drill used. 



Water 



jr. K. Marmion, county surveyor : ** A few wells have been bored by Individ* 
uals to a depth of 150 feet, but none deeper than 200 feet, with good results 
as towater.^' 



Southern Pacific Bail- 



way. 
..do. 



.do 
.do 

.do, 

.do 

.do 
.do 
.do 
.do 



Texas Padilo Bail 
way. 



1,080 
043 

1,100 
2,028 

1,245 

1,004 

683 

987 

1,7»7 

770 



680 



' 8 
H 

8 
7f 

{ 7\ 

71 
































,..,1 
















• 





Bad water at 306 feet, 
and well abandoned. 

Unlimited supply; 
poor water; pump 
capacity. 1,800 gal- 
lons per hour. 

Small stream; fair wa- 
ter at 096 feet deep. 
Well abandoned. 

1,500 gallons per hour 
exhiiusb yfuil in 8 
hours. 

Bxcellent water. Ca- 
pacity, i.2vu gallons 
per hour. 

Water abundant. 
W ell abandoned. 

Fair water ; 1,230 gal- 
lons per hour. 

Qood waiex ; 1,700 gal- 
lons per hour. 

Groodwatei-; 1,000 gal- 
lons per hour. 

1,000 gallous per hour 
exhausts ibe Well 
in 2 hours, ji'ills up 
again in 2 hours. 

At 480 feet struck a 
cavern 30 inches 
deep. No water. 
This well has issu- 
ing from it, part of 
the day, a current of 
air. The remainder 
of theday theair it 
sucked in. 



Tkip. 



t Bottom. 
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Othtr detp aelU i» Dutriot 2io. 3 — Contiaued. 



bond brC. H-MBrriman, 3Dorr«t Ibroniih rsd auil ny.k h 
water from Ant to tut. Thcie is iiL<o nporinl. u bnted by 
fMtiidnty of water. Alw molianiilpi" sonth. Wentdoi 
wator at IG fM^ and at IW feet gtnick £0 fMi of Dune t^iar 
sfwalL Cvold not be lowered by namoiiiir. 
BlPisoUonnty- 



Btue 



1 Binr a wvll « 

ito'rcitf— depth, li 



FonHancook.. 



U.S. Army 27S Water me to wltUa 

I I I I I T feet of •nribea. 

TeiM Paclflo. Foor drilled wells. KN) feet deep, S| loobs* dlametec 9M IM 
from top to water-line. The foar wella are operated by ateainjninpetValBf 
Si'lDCh eyllndan, and field each ISOKaUoiu per minnte. The ooat wtt 



StraHficaUon of MulU 1> Dklrict No. 3. 



Vo record of strata above 

Hard red randBtone 

Very hard white qnartz 

Bine qaartz 

Kpd granite 

SoftpBtona 

UBrd white sand rook 

Red and white sand rook ... 

Red eandatonoaud white quartz.. 

Red HDd white sandstone 

Bard quartz 

Flint .. 



Do 

Do 

Sandy red rook 

Bard saod 

Dry aand 

Bud rand 

Sandstone and water 

Bard sand 

Litnentone 

Jtff Davit CiHMtjr.— Valentine, Sonthem Faciflo B^lroad : 



Sand and water... 

£1 Paio Countg.—ToTberi, Sootbem PaclSe Bailwar ; 



Peon Counli/, Drgden 
■eashelle. Found wate: 
Water rose 51 feet and i 
haoBt the well. 



i,on 

— W. W. Simonds. Nearly all limestone, with eome emsQ 
at 590 feet in siind and gravel in abont a 10-inoh vein, 
o more. Am usinK pump and have never been able to n- 
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Beeve$ Cowityf PecoM City, — 0. H. Merriman. White lime and clay, qnioksand, bloo 
«lay, sand. Concrete of sand 2 to 5 feet, hard and just oversowing water, 22^ feet. 

A well ifl reported 6 miles sonth of Pecos City, depth 31ej feet j stopped in white 
Band rock ; plenty of water. Also at 15 feet water was found, and at 180 feet a vein 
of 80 feet of coarse gravel and pebbles vras passed through. Water rose to 15 feet 
#f surface and supply was not lessened by pumping. 

In the vicinity of Pecos there is the greatest diversity in the arrangement and 
thickness of material passed through. No two wells are entirely alike. In several 
wells a blue mud was found at 1"^ feet. This is absent in others. Stone of any 
kind Is absent in most wells, excepting a thin shell of lime or gravel concrete or con- 
glomerate. 

Beevm CouniVf Toyah, — Texas and Pacific artesian well. Depth, 832 feet ; diameter, 
H inches for 400 leeL reduced to 3 inches to botton, 432 feet. At 800 feet sulphur water 
ati black as ink ; after this, water in white sand. 

Strata : Black dirt, gray and red clay, marl and seashells, gray and red sand rock, 
8 feet ; sandy soil, 20 or 30 feet ; gray f^andstone. 

At bottom fine white sand. Cased about 700 feet. Test made to ascertain quality 
of water at the bottom by inserting f pipe down into the white sand. Through this 
f pipe a much purer water was obtained than from the casing. The flow is a strong 
whit-e sulphur water, free from alkali or gypsum. Flow, 300 gallons per minute. It 
is the opinion of Mr. 8. M. Field that the water in the white sand is pure and that it 
ia only snlphnrons because the casing is defective. 

El Paso, Trx., May 8, 1890. 

Log of welU drilled by Lanoria Mesa Company on the ** Lanoria Mesa^^^ about 10 miles 
noriheast of FA Paso. Surface about 250 /eet above Rio Grande River, 



Strata. 


No. 2. 


No. 3. 


No. 4. 


No. 5. 


No. 6. 


No. 7. 


Bemarks. 


Clay 


FeeL 
25 
32 
10 
28 
85 
15 
20 
12 
23 
25 
15 
14 


Fe€t. 

10 

80 

15 

40 

10 

25 

8 

25 

16 

30 

20 

8 

6 

20 


FeelL 
8 

45 
10 
20 
15 
26 
20 
16 
30 
10 
22 
75 
10 
40 
4 
80 
10 
60 
30 
35 
15 
35 
1 


Feet. 

20 
18 
30 
16 
45 
10 
30 
20 
35 


Feet. 
12 
15 
60 
25 
35 
14 
32 
17 


FeeL 

10 
28 
15 
30 
22 
40 
27 
36 
19 
13 


Wells Noft. 2, 3, 5, 6, and 7 are flufsbed at 
an average of 30 to 35 fent below where 
water was first struck, beinfc in a bed of 
sand, travel, and water, which percolates 
into the pump pipe as fast as it can be 
pumped, and working the drilling engine 
on 3-inch pump pipe can not decreaee sup- 
ply in the least, which apparently undt^r- 
lies the whole mesa as one vast lake bed. 


S«nd 


Clav 


8«nd 


CUv 


Sand 

Olav 


Sand 


Clay 


Sand 


water l)ein)? perfectly pare and soft, as 

per following analysis: 
9 deyn^es, temporary hardness. 
6 de^crees, permanent hardness. 
Equivalent tn 8 grains rarbonate to gallon 

water. "Clark's scale *' well. No. 4. ntrnck 
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water at 225 feet and continued in water 


day............... 












and sand to 534. whereasrifTi^r formation 


Sand 












of c1a.\ cased same off, and in penetrating 
that th^ water there raised to 65 feet of 
surface and afterwards Hutik to original 
level, where it now is, about 215 feet from 
surface. 


Clay 












8aad 












Clay............... 












Sand 
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Hand , 






























Finiabed depth, 
(except No. 4) — 


246 


262 


631 


232 


210 


240 





PRICES PER FOOT PAID FOR WELL BORINGS IN TEXAS. 



Anther County. — Drilling, $1.50 per foot ; casing, 60 cents; 6-incb casing, 500 feet. 

Atascosa County. — Horsepower rigs, $1 first 100 feet, |1.50 second 100 feet ; all sizes 
4»f bores. 

Bexar County. ^One dollar and fi ftv cents first 100 feet, $2 second 100 feet, $2.50 third 
100 feet, $:S fourth 100 feet, $3.50 tifth 100 feet. 

Bosque County. — Seventy-five cents first 100 feet and r^O cents additional for every 
additional 100 feet. : $1.50 for first 100 feet, $2 for next 200 feet, $2..50 for bal- 
ance ; 6-inch wells 525, 600, and 800 feet. Morgan : Generally $1 per foot, 6-inch 
bore, 500 feet. 

Burnet Co»n fy.-»Oakalla: $1 per foot, 6-inch bore, 100 feet. 

Coleman County. — Trickham : $1 per foot, 6-inch bore. 
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Corgtll Counlj/. — King: (I per foot, 6-inch bore, 940 feet. Peean Orove: 75 ecDl* 
first KH) feet. SI eecoixil [OO feet ; fiO for 26 feet, 6-mch bore. 

De Witt COMBJff.— Yorktown : 92 per foot, ineluding tul)ii.}; »Dii cusiof;- 

Dimmil Counly,— Cairizo Bprings: $1 first 100 feet, 50 cents additional for eviny 
•dditlnuAt 50feBt. 

Ertilh Connf.v.— BlnlTDnle ; 11 for Brat 100 feet, 25 c«>DtB kdditioiikl for each nddiliODil 
100 feet ; I.^ to SOO fuct ; 75 cente for first 100 fe«t, SI for next 100 ; 165 feet. 

^io CoHiiljf.—l'ue dollar Brat 150 feet, |1.'J& next 100 fuet, 25 cecte additional eTet; 
GO feet ; :t U> 6 incli boroH ; 390 feet. 

Gonsalaa CaHnfjr.— R.iDrho: 11 tot2.50at finiebf 130 feet. 

Grayiait Caiinfji.— Poitsliorougb: tl-50 firat 100 feet, t^ for balaoce; 250 feet, cmI 
-wllb rasioR,!:) p^r font. 

Bardeman fu«ii(.(|.— .Sistv cents par foot, lO-iocb wells 100 feet deep. 

Eood t'oiin(i/.— I'ftliixv : SI per foot, 236 feet. 

Jack CoKHly. —JaeltBlioioiigh : 75 cents first 100 feet, $1 for second 100 feet, «-ineb 

Joknton Countn. — Cl«biirne: %l for first 100 feet, then $3, nnd Isstlj S5 per fool. 

McLennan Coanly.—W aco: (2 for first 1,500 feet, $3 next 100 feet, %i next 100, t& 
next 1(10 feet, etc. 

Palo Vinlo Countu.— Gordon: fl first 100 feet, 25 cents per foot for each BdditioDsl 
100 feet. 

Parkfr Conn (j.—Wcatberford ; 75 cents per foot, 440 feet. - 

Sobrrhoit Co unly.— Calvert: tl.25 to 50 feet, 11.50 next 50 feet, $1.75 next 50 fert, 
|2 next 50 feet, i-lM) nf it .50 feet, li-inoh pipe, 286 feet. 

BtmerveH Coiintxi.—G'i^.n Eom: 75 cents per foot tint 100 feet, adding % cents per 
foot for next )<iO feet. 

Siepheni Coiiiiiy.—AV.i .viand! 60 cents per foot Urst 50 feet, 25 cents per foot add!- 
tii<niil for eacli fiO ftet. 

Tarrant CouKly.—Vort Worth: 50 cents for the fiwt 100 feet, 

ravIorCounij;.— Mttkel: Well dug 10 by 10 feet, 70 feet, tS per fiwt; boring, fl 
per foot. 

Vraldr Connlg.—k. Ilowing well 103 feel deop cost $125. 

WrAb Counf^.— Cactus : $1 per foot first 100 feet ; (2 per foot the next 70 feet. 

ITiMroHnry.— I'tog^sett: |1 per foot 6'inch irell ; $1.50 per foot S-inob; fS per foot 
10-ineh wells, 1!)« feet. 

DaVam Couniv-— Ta-ncosa : AbontSl per foot. 

Glaiicoak Connlif.— Garden City : IJug wells 4 or 5 feet diameter, 2&feet deep, t2p«r 
foot, 

BockUg Co»n(//.— Sixiiinh bore, 200 feet, at $1.50 per foot. 

ZubboBk CoM'il!i.—i^ii\i:<-^'x Stare, 5Mid6incb bores, fl per foot for tbo first 100 feet 
md 50 cents riBlitp wiili . nrh li'O feet. 

Poller rount^.— Ariijii ilLi: tl for the first 100 feet and 50 cents per foot additional 
(breacli followiiiKKKl (•■•\. 

Val rerde Coui.tji.—]<-\ Kio; &-inchboretl.50, (ij,(j.50, riBtng with each 100 feet SO 
cents per foot, 30 fei'C. 

El Fam Coun'.r;.— Torlii I't : %i pec foot flrift 500 feet : $6.50 per foot next 600 feet 
both H-iui'.h bore; tliinl ',''1 feet (9 per foot, 5>inch diameter of bore. 

Fecoi Cauatff. — Dryili'ii : OeneruL price t'i per foot without casing. 

Btrref foiiBlj/.— Pecoi City: (1,50 first ICO feet; $2 per fool second 100 feet. Sams 
price lor difl'erent bores. 

LOCAL OPINIONS AS TO PRESENCE OR ABSENCE OF ARTESIAN WATERS. 

IDiiUicl No. 1. ■Dbhumid region.) 

.^rcA«r Coiinfj;.— Salt w,it«r at 500 feet, hnt there are deep freeh-water wells tn th* 
eonntv. 

Alaicoia Coiinfv.— Kir Blum 
maajr arti'siau wells niiilil lie n 

Berar Conirfj.— Gen. \v Russ, president West End Town Company, San Antonio: 
"I am BHtiHtied artcsi.iii \\ .iter can be bad in many portions of sonthwest Texas at 
■mall coit and will tn ul. . at least, value of latid." 

This company has '2 wi'ls. 260 feet deep, flowini; 1.50 gallons per minnte; cost $500. 

CoKanchi- Caunty.—E. S. AtkiuBon, editor Comanche Cbief: " I think an abuniianc* 
of water ooiildbe obtain. d »t » depth of only a few hundred feet." 

T. H. Hill, Comanche, Tex.: " I believe water could be bad to flow at 800 to l.OOtt 
feet, jodging from wells east and south of us." 
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Concho Coun^jT.^Vigo, Tex. : Jno. T. Pmitt, postmaster: ''There ore thonsandft 
of acres of laud Ijring aronnd me that can not be surpassed in riohDess. If the arte- 
sian-well system was applied to these lands there is no figoriDg on the results. The 
writer is of the opinion tnat this s^'stem and none other wonid increase the amount 
of rainfall Just in proportion to amount of water brought to the surface." 

Coryell County, — J. M. Davidson, Pecan Grove: "Flowing wells are from 130 to 
600 feet, and a beautiful showing for irrigating this farming land." 

£raih County, — J. L. Humphries, county judge, Bluft' Dale: "It is believed that 
artesian water can be had hera most anywhere by going deep enough, from 1,000 to 
2,000 feet.'' 

GilUepie County. — A. W. Engle, Luckenbach post office: ''There are no artesian 
wells in this couuty and I don't think there will be one." 

hUl County, — J. O. Files, Files's post office: "I think that artesian water could be 
obtained anywhere in my vicinity by going deep enongh, and, as a general rule, the 
deeper the stronger the now." 

Johnson County, — W. M. Crook, Cresson, Tex.: "No flowing well in this section. 
Artesian water is secured at ftom 150 to 300 feet." 

MoCullook County, — J. L. Spiller, Yacca post office : " I think a tesian water could 
be had at about 1,000 feet. We have other wells here at 75 feet." 

Taylor County, — J. L. Vaughan, Merkel, Tex. : " Think a flow can be secured be- 
tween 500 and «)00 feet." 

Callahan County, — D. Richardson, Baird, Tex. : " If any test is made in Callahan 
County, some point immediately east of a sand flat, lying on the north of the railroad 
track opposite survey No. 79, B. B., B. and C. Railway survey should be used." 

DISTRICT No. 2.— SEMI-ARID REGION. 

Andrev)9 County, — M. B. Cranston, of Midland County, and W. T. Stewart, of Dallas^ 
well drillers, state that " a strong flow of artesian water of good quality can be ex- 
pected at a depth of 200 feet." 

They base their opinion upon the fact that in nearly every well bored in the county 
the water rose almost to the surface, and they express the belief that by boring a few 
ieet further a flow could have been secured. 

Dallam and Hansford Counties. — Aaron Canott, Farewell post office, Dallam Couuty: 
Thinks flowing wells can be obtained in these counties, as they exist in Kansas, north. 
and in Texas, south and southeast. Says " sheet water is found at 100 feer. (or less} 
to 200 teef, and if flowing wells could be secured immense crops wouUl renuU." 

Lipscomb County. — Eli C. Gray, Higgins, Tex. : " A belief that artesian water can 
be had at a depth of 500 to 1,000 feet here is based on the fact that our county is like 
Meade County, Kans., in surface, and that we lie in the same longitude." 

Ochiltree County, — E. P. Klapp, Cresswell, Tex.: '*The water does not rise any, 
either in dug or bored wells. There is no artesian well in this part of the country." 

Usher County, — W. C. Bree<Uove, Roby, Tex. : " I handed the blanks to an ex- 
perienced well borer here. He looked over them and said there was no artesian water 
in this section of the country." 

Hale County, — Horatio Graves, Epworth post office : "I have always supposed that 
artesian wells could be made to work here ; that water could be found here at 1,U00 
or 2,000 feet. I would like to see one tried here." 

Hall County. — Alex. Stine, Salisbury : " I am of the opinion that artesian wells can 
be got ill this locality." 

Southern Staked Plain, — It is the opinion of Mr. W. S. Marshall, of Fort Worth ; 
W. v. Johnson, of Colorado ; M. B. Cranson, of Midland; A. Rawlins, of Marienfeld ; 
G. H. Stewart, of Midland, and W. T. Stewart, of Dallas ; Mr. Robinson, of Garden 
City, all practical watermen, and also of a great number of ranchmen who are di- 
rectly interested, that flowing wells can be obtained there at a depth of 500 to 
1,500 feet. They limit their opinion to the Staked Plain, but have doubts as to 
whether water will be found between the Staked Plain and the Colorado River, or 
Booth of the plain toward the Rio Grande. 

Scurry County, — A. C. Wilmeth, Snyder post office : " We have no artesian wells in 
this vicinity, though we thoroughly believe that we can secure one by boring 300 
feet or more." 

El Paso County, — Sierra Blanca, G. W. Uutchins : " Three wells bored here at 
1,000 feet each ; water must be raised 905 feet by steam power, too bad and too costly 
for purposes of irrigation." El Paso : It is believed that flowing water can be had, 
and an appropriation of $25,000 has been made by the city council to ascertain. A 
contract has been let, the parties to bore 2,500 feet if necessary 

Jeff Davis County. — H. M. Patterson, Fort Davis : '' We think artesian water can 
be gotten here." 
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S€eve$ Caunfjf.— Dr. J. J. iDee, of Pecos City : '* Oar artesian belt is fW>m 40 to 100 
miles wide aud extends from Keyr Mexico line as far south as the Davis Moan tains, 
-about 150 miles. We have just finished 4 new flowing wells this week. We hare ia 
the county now 23 in all." 

[State Geologist Report, 1888.] 

Prof. W. Yon Steeniwitz, geologist for western Texas, speaking of the high lying 
plains between the mountains of £1 Paso, Jt^ff Daris, and Pecos Counties, says, p. 43: 

** The boriug of artesian wells with an overflow to the surface has proved a failure 
in these prairies, as I predicted years ago that it would. The wells alongside of and 
in the hills will never Hupply a siiflicieDt quantity of water for irrigation, to develop 
this part of Texas and make the land as valuable as it might be made at compara- 
tively very moderate cost by reservoirs constructed by the combined efforts of the 
State and railway companies." 

GuKtav Jerney, geologiHt for the countiesof Gillespie, Kerr, Kendall, Bexar, Blanco, 
Comal, Wilsou, Guadalupe, Gonzales, and Caldwell, reports as follows: 

Mineral waters and artesian welts. — Springs of mineral water are found in Kerr County, 
2 miles west of Kerrville, and sulphur water at Sutherland Springs, in Wilson County. 
There are rich sulphur sprin s near the Cibolo, which are used by many visitors for 
bathing purposes. 

The territory contains but few artesian wells, and these were sunk for the specific 
purpose of obtaining water. Among the most prominent of these wells I would men- 
tion the following: One of a depth of 225 feet in the western addition to the city of 
San Antonio, with a fine quality of drinking water* which forces its way to the sur- 
face. Another 4 miles east of San Antonio, near the S8la<lo, which was sunk to a 
depth of 450 feet, and also brings a constant stream of water, containing hydro-sul- 
phuric acid, to a considerable height. It is clear, and i« being utilized for the ordi- 
nary wants of man and beast, but could be ma^e i9ore useful on account of its medical 
qualities. 

Pe<roIetti».<— A more valuable well has been sunk about 7 miles south of San Antonio, 
which, instead of water, at a depth of 350 feet uncovered a deposit of gray clay rang- 
ing down to a depth of 4:^ feet, which is thoroughly impregnated with tar. This tar 
is of a sirupy consistence aud of a dark yellow color. The well thus far gives only a 
barrel of 20 gallons of the tar per day, but nevertheless has been brought into market 
as a lubricator for wagons, etc. It contains a large quantity of coal oil, but is not 
refined. There seemH to be no doubt whatever that this is the distilled product of a 
deeper and large bed of brown coal. 

Prof. J. L. Pait, reporting on Atascosa County, says: 

** In some of the wells unmistakable evidence of petroleum existing below is found. 
The smell is sometimes so stroug in digging wells that they can not be proceeded 
with, and thin films of oil are found floating on the surface of others. No one in this 
<$onnty has bored for oil so far as I am aware, but I think a boring of a few hundred 
feet, where these signs are n^ost apparent, might show some important results in that 
direction. As bearing on this point, Mr. George Dalling, when borinj; for water on 
l|is plaoe at a depth of 300 feet, struck petroleum, and subsequently in another boring 
5270 feet, at some distance from the first, also came upon i . The flow affords about 
20 gallons per day, but it is regular and continuous, and I think would indicates 
natural reservoir of some volume." 

Reporting on Frio County, he says: 

*< Near Cevilla Creek, on the property of T. J. Cavender, a strong brine made its 
appearance at 18 feet down on boring for water. It is a matter of remark in that 
aection that almost every boring or digging for water discloses mineral winters, either 
sulphur, chalybeate, or alum, separate or in combination, and the same remark seems 
to apply to the waters of La Salle County, which especially to a stranger are notice- 
able and the reverse of agreeable." 

Prof. J. Owen, reporting on Edwards, Maverick, Kinney, Uvalde, Val Verde, and 
other counties, says : 

**The arid condition of this part of the State renders farming very unsatisfactory 
without an artificial supply of water; but while nature has withheld from us the 
needed rainfall, she has been lavish in her provisions for our necessities, and we onfy 
need the linger of science to point to her rich provisions for our needs and bring to 
light the hidden resources that are within our reach. 

** A line drawn from a point on the Nnei^es River south of the town of Uvalde toa 
point 10 miles west of Carrizo Springs, thence south to the Rio Grande, will represent 
the outcrop of a sand bed nearly 200 feet thick. This sandstone has a monocliniJ dip 
to the southeast. It is a very loose, coarse, friable sand, and free from anydeleterioas 
Uklts, and is an inexhaustible reservoir capable of furnishing water sufficient for ir- 
igating purposes. This sand stratum supplies the numerous wells at Carrizo Springs, 
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and an example of its capacity may be seen at tlie ranch of Mr. Fayette Vivian, 10 
miles north of Carrizo. This well is 175 feet deep and produces a stream of excellent 
water 4 inches in diameter. This sand lays conformably upon the rooks of late 
Cretaceous, and will be found at Laredo at a depth of about 500 feet. At this place 
all water obtained above this sand will be so strongly impregnated with miueral 
salts as to be unfit for use. This mineral water can be shut 0% however, and the 
pare water from the Carrizo sandstone obtained. In the northwestern part of Zavala, 
the western part of Uvalde, and the northern parts of Maverick, Kinney, and Val 
Verde Counties we can never hope to obtain artesian water for agricultural purposes, 
bnt water may be obtained for domestic purposes by boring and pumpiug to the sur- 
face. These localities are so near the apex of an auticliual ridge that we can never 
hope to obtain artesian water in them, and the only prospect of obtaining water for 
agricultural purposes in this locality is to bring it from the Rio Grande and the 
Devil Rivers. 

** At the town of Uvalde I found a synclinal valley, resulting from an uplift by the 
trap dike and the volcanic cone west of the town. This syuclioal basin has oeen 
partly filled by the debris of the drift period, and subsequently filled to a level with 
the surrounding country by the bluff formation, thus presenting to the eye a level 
plain. This provision of nature is of the utmost importance from the fact that this 
gravel deposit affords an immense reservoir for water, and wells sunk into this to a 
depth of 40 or 50 feet afford an inexhaustible supply. This water has to be pumped 
to the surface, and it is hardly probable that at this place artesian water could be 
obiained except at a very considerable depth." 

As to artesian waters in Zavalla County, he says : 

**An abundance of artesian water can be obtained by boring into the red sand- 
stone series uf rocks underlying the coal series about 150 feet. This sandstone will 
be from 90 to 150 feet thick in this county and will afford an abundance of excellent 
artesian water." 

J>immit County ^—The west line of this county will pass near the western limit of the 
Carrizo sandstone. The top stratum of this sandstone has about 40 feet of red sand, 
which gives its characteristic color to the soil where it is exposed. The base of this 
series of rocks is composed of gray and brown sand, and some of the more indurate 
strata will answer for building stone. The courthouse at Carrizo is built of thi» 
stone, and it is the source from which the wells of Carrizo are supplied with water, 
and at any part of this county east of the outcrop of this stone there will be no diffi- 
cnlty in obtaining artesian water. This sandstone in this county is about 200 feet 
thick, and at the eastern line of the county it will be found at a considerable depth 
below the surfScMse. 

El Paao County. Fort Hancock. — Major Logan, in command at Fort Hancock, on 
bein^ questioned by a reporter of the £1 Paso Tribune, Htated in substance that in his 
opinion there is an immense body of water underground, in the vaUey of the Rio 
Grande, at £1 Paso. 

''These mountain ranges can be followed away up into Colorado. If all the water 
that falls in the basin east of the mountains could be put into earth, it would not 
begin to make this immense body of water. It must come from the west of the mount- 
ains, from the Colorado CaQon and New Mexico. I believe it fiowe down here under 
bed rook and forms a vast reservoir and that the 400 feet of water (on Lauoria Mesa) 
is what percolates through crevices in the bed rock and forces its way in spite of the 
pressure of sand to within 200 feet of the surface. I believe that when a well is bored 
through bed rock a flowing well will be had. From all my observation I can not see 
any reason why we should not get plenty of water at a reasonable depth." A Gov- 
ernment well was bored 275 feet at Fort Hancock, but discontinued on account of 
defective machinery. At one stage of the boring the water rose within 7 feet of 
the ground. 

BunneU County.— J, R. Cray ton, Content post office: Plenty of wells, 20 to 25 feet, 
and some springs. The mean annual rainfall is about 27 inches, and is usually so 
distributed as to insure winter and spring crops, bat more or less protracted drought 
sometimes prevail in summer, though irrigation as a rule is not deemed indispen- 
sable to fairly successful farming. (State Report, 1882.) 

Somervell County, — Dr. Scott Milam, Glen Rose post office, reports " We have some 
200 artesian wells within 10 miles of town, all flowing. Some of the water white 
sulphur, some iron, but the greater number of them pure freestone water. They 
range in depth from 70 to 300 feet ; flow daily from 2 to 200 gallons per minute, owing 
to depth. Not used for Irrigation, except a little for gardens. The cost is generally 
75 cents per foot for first 1(X) feet with 25 cents per foot added for each additional 
100 feet.'' Water not analyzed, but used for domestic purposes, stock, etc., and with 
good effect wherever tried in gardens. 

Somervell County, — George Abel and others. Glen Rose : About 200 flowing wells in 
the ooanty^ mostly used for domestic purposes, and for irrigating ribbon cane and 
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sometimes cotton. Mr. AbePs well, depth 260 feet, flow 40 gallons per miniite, is 
thought by him to have sufficient water for 40 acres. Irrigation is considered neces* 
sary for a fall deyelopmeut of the crop half the time. The effect of the water on veg- 
etation is good. 

Stephen$ County. — In the neighborhood of Way land, or rather within a radios of 
^ miles of Wayland, is a nest of flowing wells, some 8 or 10 probably, varying in 
depth from 100 to 180 feet and in cost from $50 t^ f200. The flow is given at 3 
to 5 and 10 gallons per minute, varying with the different wells. The water is nsed 
for domestic purposes and irrigating in a small way. The irrigating capac^ity of 
these walls is estimated at from 10 to 25 acres, and irrigation is thought necessai^ in 
Maroh and May. Deep borings for flowing water have been made in other parts of 
the county, but without success. Ordinary wells are usually obtained at a depth of 
15 to 60 feet. The mean annual rainfall is about 27 inches, most abundant in fall, 
winter, and early spring, late summer crops being sometimes injured by drought. 
< Texas Report 1882.) 

Shackelford County, — ^There are no artesian wells in the county. Common dug and 
^red wells, varying in depth from 30 to 50 feet, are very nqmerous and in all parts 
of the county. The water is generally very good, but is hard in a few wells. Some 
of the wells dried out during the drought of 1886, but the great majority furnished 
water abundantly. There are quite a number of small reservoirs or *' tanks " for 
stock water in this and also in Stepheus County. If the same method were also 
adopted fcr purposes of irrigation, the value of productu of the farms could be in- 
creased considerably. The meau annual rainfall as registered at Fort GriflSnis: 
1878, 20.77 inches; 1879, 18.93; 1H80, 28.71 inches; and for 1881, 20.86 inches, being 
most abundant in the months of May, June, July, September, October, and November 
in eacb of the years. 

Tarrant County. — There have been bored in the city of Fort Worth alone over 242 
wells, most of which did at one time flow from 5 to 50 gallous per minute. The 
depth ranges from 200 to 300 feet in tbe city, though one well now in course of con- 
struction is contracted for 2,500 feet or less, if a flow of 500,000 gallons per diem is 
secured. With the growth of the city the demand for water increased and steam- 
pumps applied, which extract 75 to 100 gallons per minute from wells that only 
flowed 10 gallons. The result is that all the artesian wells in the city except two 
have ceased flowing. In addition to the loss of pressure by pnmpiug a large nnml>er 
were bored near the river bed, and these, though they helped rob tbe upper wells, have 
also ceased to flow. Mr. Wheeler, manager Artesian Ice Company, Fort Worth, gives 
the following history of the wells in Fort Worth : 

** At present there are but two flowing wells in the town, as all the larger wells are 
being pumped. The first well in to wn was on the highest point, about 100 feet above 
low water in the river. This was a flowing welL Later on a considerable number 
were bored along the river bed, about 20 feet above low water. The result was that 
all the upper wells ceased flowing. The lower wells are also pumped now and only 
flow when there is no pumping. The average depth is about 300 feet and 242 are 
aaid to have been bored. On tue south end of the town 120 feet above the river the 
depth is about 360 to 375 feet. The water apparently lies in a sheet, originally under 
great pressure, which by the numerous borings has been greatly redooed. Water in 
abundance can be had at any point in town oy boring to this sheet or one underly- 
ing it." 

The two railroad wells are pumped to the extent of 90,000 gallons in twenty-four 
hours. The one well has a depth of 450 feet and the other of between 700 and 800 
feet, the deeper of the two furnishing a very small amount of water. In the county 
there are a considerable number of bored wells. The water rises in all of them, but 
only 10 or 15 are said to be flowing. Hardly any of the water is nsed for irrigation 
unless it be to water flower gardens or sprinkle lawns. Common wells are between 
15 and 40 feet in depth. The rainfall is about 36 inohes. 

Taylor County, — An artesian well to be bored 2,500 feet is under contract at Abilene, 
and some |13,SM) are to be paid for the work. Common wells vary in depth from 2U 
to 60 feet. Sometimes a boring of 15 to 25 feet is made below this and a largely in- 
ereased supply obtained. Mr. J. L. Vanghan, of Merkel, Tex., gives the capacity of 
the railroad well at Merkel at 30,000 gallons per diem, which, according to his esti- 
mate, will irrigate 35 acres. The water conld be raised by wind power or steam and 
stored in large tanks. The general altitude of the county is about 1,634 feet and tbe 
average rainfall 30^ inches, tbe heaviest rains falling in May, June, July, and Au- 
gust, and the lightetit in April, October, and November. Small grain mature with 
reasonable certainty nearly every year, but fine frnits and vegetables need irrigation. 
Corn and small grain could be greatly benefited two years out of five. Small gardens 
and orchards are irrigated from common wells and windmills. The Cedar Springs 
well, about H miles east of Abilene, is 5 feet in diameter and 40 feet deep. It yields 
42 gallous per minute when pumped. In the vicinity of Merkel water in abundance 
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18 foand at a depth of 16 to 20 feet. All tlie wells between .Merkel and Anson, in 
Jones Connty, are of the same depth and have freestone water. None of them are 
known to fail. Most people use windmills. A few irrigate, and 5 acres is considered 
the limit of an ordinary well. By using storage rCvHervoirs the capacity can be in- 
creased to 15 to 20 acres per well. In the west half of Taylor, all of Jones and Haskell 
Counties water is said to be abundant at 15 to 25 feet, and in the vicinity of Buffalo 
Gap, about the center of Taylor County, the average depth is 15 to 16 feet. 

Another primitive method of irrigation is in use within 2 miles of Abilene. Two 
industrious Chinamen operate a 6-tu;re ^^arden, and produce the finest vegetables 
grown in the country. The garden is situated between two streams that form a 
Junction near town. Two sweeps about 16 or 18 feet long are secnrely fastened to a 
pair of mesquite trees in such manner as to swing freely. On the end of each sweep 
IS a 5- gallon coal-oil can, which is lowered into the creek, then raised and emptied 
into a ditch and then carried to square holes in the garden distributed at intervals 
of 30 feet. Close to the holes are small beds divided by furrows, and when the crop 
needs water it is raised by hand in small buckets, and put where it will do the most 
good. Ou being questioned as to why they did not use a windmill, the Chinamen 
replied that it was too expensive a commodity to have on so small a garden. 

Throckmorton County. — The mean annual rainfall is 24.90 inches, and tho seasons 
are irregular, being usually more propitious for small grain than for com and other 
crops miituring in summer. Wells of good water can be obtained easily at almost 
any desired point in the county. (Texas Report, ld8*<2.) Common wells 12 to 50 feet 
in depth. 

Uvalde County. — Two artesian wells in the county, at Utopia, on the same ranch, 
about 200 feet deep. Wells for stock are obtained at a moderate depth. The mean 
annual rainfall was, for 1878, 23.97 inches; 1870, 19.22 inches; 1880, 31.29 inches, 
and for 1881, 21.54 inches; the highest monthly mean being in May and August. 
Irrigation is necessary to insure uniformly fair crops, facilities for which are*mod- 
erately convenient by means of ditches from tho mouutaiu streams. 

JVehb County. -^Mean annual rainfall, 1877, 21.39; 1878,27.49; 1879, 21.51; 1880, 
26.73; 1881, 26.67 inches, the greatest precipitation being in February, May, and Au- 
gn^t of each year. The rainfall is irregular; irrigation is required lor successful 
farming, and can be obtained at many points oh the Rio Grande at moderate cost. 
(State Report, 1882.) Several flowing wells have been secured in this county, but 
the flow wag very weak, and the water obtained not suitable fur purposes of irriga- 
tion. 

Wilbarger County, ^-C F. Doans, Doan's post office: "There is no artesian well in 
Wilbarger County. The rainfall from April 1 to September 1 is generally sufficient 
for wheat and oats, and in fact for most all small grain, but the corn crop is very un- 
certain. There ate large fine springs around Doau's, but none of the water is used 
lor irrigating purposes." 

The meau annual rainfall as registered at Fort Griffin, 75 miles south, is 24.57 
inches. In this county the heaviest rainfall Is usually in April, May, and June, and 
late summer crops are sometimes cut short by drought, but there is usually ample rain- 
fiill in winter and spring to insure an abundant yield of the cereals and other crops 
maturinf^ in the spring. Much of the water in the streams is impregnated, to a 
greater or less extent, with salt, gypsum, or lime, and is not palatable ; but for do- 
mestic use water is obtained from springs which are numerous and from wells, ob- 
tained in most parts of the county at an average depth of 20 feet. (State Report, 
1^2.) 

Young County, — Carbondale. Water found in borings of 80 to 150 feet always con- 
tains more or less salt. Ordinary wells throughout the county vary in depth from 20 
to 100 feet. The mean annual rainfall, as registered at Jacksboro is 26.20 inches, and 
is most abundant in May, June, and July of each year. 

Somervell County, — E. R. Bull, Palnxy, Hood County: "Three flowing wells I bored 
are2K>, 275, and 259 feet deep, no casing used, cost i^ll per foot. Diameter of boro 
6 inches, and flow about 300 gallons per minute; .some wells have failed and none 
have gained in flow. The flow generally has diminished. Water used for all pur- 
poses and is very good for irrigation, and pays well for everything irrigated. Most 
of the wells are so situated that the water can be stored, and the wells were esti- 
mated to irrigate from 10 to 50 acres each. Irrigation is beneficial perhaps one year 
out of three. I never kept an accor.nt of all the strata or their thickness. The wells 
flowed at about 100 feet and increased slowly until the last 5 or 6 feet, when the flow 
increased Tery rapidly, making about a 5-iuch flow. There are perhaps 75 or lOO 
flowing artesian wells in Somervell County ; they vary in size of flow and bore. Some 
flow very strong, others very weak where they are plenty. They sap each other ; the 
one on tne highest gionnd suffers worst. Sometimes those in the highest places dry 
out altogether." 
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DISTRICT KO. 3, SEMI-ARID EEQION. 

This sectioD of tbe State will for years to come be more eztensivetj 
used for nosiiig stock tfa^o for geueral farmiog operations. Id localities 
where watcria abundaut aud can be cheaply obtained small farma will be 
CDltivatedaDder irrigation; butthewaterrequired will in moat cases hare 
to come from below the laad to be irrigated. In a very large area there 
is water in abundance at a shallow depth ; in other localities it will 
have to be stored. There are not exceeding four flowing wells in Ihe 
district, and the»e were found accidentally. There ia not sufficient evi- 
dence in the way of deep borings to prove either the existence or non- 
existence of great bodies of artesian water, but if it can be proven that 
tbey do exist, crop making will be reduced to a profitable busineas in a 
very short space of time. Most farms there now under irrigation are 
generally operated in connection with either a cattle or sheep ranch. 

Borden County, — Water ia Rpnerally diffleiiU to obtnin in wells of moderate depth" 
WLere wat*r in lonnd it in Rood and abiimlftTit. Can Ipnrnonlyofeigb tor nine wells, 
and thflHB are from 50 to 151) fuet deep. One well 3Utl feet deep and no nater. F«ii- 
ures lo cecure n-ater are very niimeroHS. No watsr can bo obtained at a depth of 350 
feet iu the red-joiut cIht, and this BeetnH to underlie the greater part of the conulf. 
There are not many giwJrt locations for storage reservoirs. Water when obtained in 
eenerally in wells '^0 to 30 feet deep, accnnnlated in depTesaiODs in this clay beil, and 
held there in suspense. 



CotlU County. — A I)ir}:e number of conimuu <iT<'llH have been bor^d iii ibta coacty 
i(h an average diameter of S inches and au average i)i:pth of lOi) leet. Tbe water 
rly all the wells is impregnated with gypsum or salt. The large springs " ■' - 
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eonnty_ also carry salt „, , 

the opioioa tbat aouo of thi 

King Co MB (y,— A copper ni 
no flowing water. 

Hardeman Coimfff.— The Bi 
and failed to get a flow. 

C»ltl» Conn(j|.— There is 
be turned ' .».-!_ 



My inronuant, Mr. DuuiuDt, uf Otta, Tex., is of 
water conld be used for irrigntiou pnipuses. 
iug company bored l,!iOO feet in this const;. bntsecnKd 



e company a 



o bored a 1,500-foot well in this county 



idergronnd stream in thin connty that might poMihlj 
account for irri((ating purposes. Gypsnm water does not seem to hurt 
vegetation, and is used fnr Ihis purpose in other places. 

Cra«f>#Coun(^.— It. C. Smith, Mt.Blnnco post office; "There are several wells in tbe 
Kentucky Catrle Raisiug Company's pasture tbat would come lo the anrfacr and flo« 
good etreaniB of water if property rased olf. The wartr of four or Ave large Bprinc*. 
lauiButisIied, would rise to the surface of the plain 250 to :)00 feet, if it wan coutiovd." 

In tbe uortbem part of tbe couuly water ia obtained at'70 to 90 feet. On tbe c^> 
rock of the plaina (stnked), or r:it1icr the edge of same, from BtXI to 3IK) feet. There 
are about I'lO to 200 wells iu the county. Agriculture, with mure or less sncceas, hw 
been carried on in the county since 1^79. In the southwest corner of the county i' 
Yellow House Creek, a large rnnuinj; stream, and Spring Creek, and in tbe south- 
west part of the county is a bold runuiuK stream of 3 or 4 miles length, each of which 
isdcemed capable of irrigating friiiufiDU to 1,000 acms. Those creeks are 200 to 300 
feet below the general level of thostaked plain, but there is said to be plenty of good 
lavd convenient to tboni. There amraanylocalitieB in the county where large (joan- 
tities of Btorm water could be storeil and madeavailahle dnring the dry months. 

Crockett CoHstg. — There are 25 bored wells in the county, almost all of them on the 
"draws" or ancient riverbeds. The first well bored in tbe connty is 7 miles south of 
tbe center of tbe connty and 39*^ feet ileep. Tbere is a bored well on survey 3, block I. 
J..15Sfeetdeep; one on block K. F.,245feet deep; oueonsnrvey22,blockS,824f«eti 
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one on snrvey 1, block F. 2, 260 feet; one on durvey 7, block O. P., 22."); one eacb on 
soiyeys 20 and 48, block O. P., 225 feet deep ; and one each on surveys GG and 49, block 
6. H., 250 feet. This county is south of the Staked Plain, and it appears that the 
farther the distance south from the plain the dee|>er the wells. There are two under- 
ground rivers in the county described elsewhere. The soils in many parts of the 
county are clayey, and if used for storage restirvoirs would hold water well. 

Dallam County, — A. Canott, Farwell post office : ** The rainfall is varying. This is an 
nndnlating prairie country, but a little too dry. There are flowing wells north and 
sooth of us in Kansas and Texas, and I believe they can be secured here, but no effort 
has yet been made, as the country is mostly taken np by cattle men, who depend 
upon the streams. Plenty of sheet water is fonud at a depth of 100 feet (or less) to 
200 feet. Number of springs along the streams. The soil is fertile, and with flowing 
wells to insure irrigation it would be one of the most productive parts of the S •uth-' 
west." 

Dotroon County, — ^There are probably not exceeding fifty wells in the connty, all 
bored and varying in depth from 50 to 100 feet. 

There is considerable difference in the stratification passed through, but greater 
certainty of finding it here than in Borden County. It is generally found in sand. 
The average cost of boring and furnishing all appliances necessary to raise water is 
from |4 to ^ fer foot in depth. In Sulphur Draw, running through Dawson and Terry 
Connties, are eight or ten bored wells about 60 feet deep in sandstone that aiford a 
most excellent supply of fresh water. 

On the cattle ranch of Mr. C. C. Slaughter are ten large reservoirs. The largest is 
on Rattlesnake Draw, running into Colorado River. The dam is about 1,000 feet long 
and backs np the water, which is 25 feet deep at the dam, 1^ miles. This reservoir is 
fed by springs extending for miles along the draw above it. The construction of the 
reservoir has given birth to numerous springs below. The drainage area of the res- 
ervoir is very large and the water supply is permanent. The cost of the dam was 
$1^700. Several other equally large reservoirs cou^d be constructed on this draw 
without injury to the one mentioned. 

Oldham County. — J. C. Hatchell, Amarlllo, Potter County : " The Lee Scott Cattle 
Company have a flowing well 230 feet deep, but 600 feet below the level of the plains. 
It flows 15 gallons per minute." The supply of this well is probably purely local, 
being situated, as it is, in a depression or cafipn of the Staked Plain. The general al- 
titnde of Olham County is 3,600 feet. The deepest well in the vicinity of Tasctjsa is 
240 feet deep, and many are less than 200 feet in depth. The water in all of them is 
soft and inexhaustable to windmills, which are extensively used and kept in motion 
continuously. 

The water in all of these wells rises from 30 to 80 feet, increasing in pressure as 
depth is gained. The diameter of bore is generally 6 inches, and roost wells are 
cased. The cost of drilling is from 75 cents to $1.25 per foot. A considerable num^ 
ber of common wells for domestic use are from 15 to 40 feet deep. There has been no 
record of the rainfall by Judging by other counties. It might be safe to estimate it 
at 17 to 25 inches, more or less irregular in precipitation. Irrigation to secure per- 
fect crops would be necessary, say one year out of three. It is thought that flowing 
water could be secured on the open plain at a depth of 1,500 feet. 

Donley y Armstrong^ Crosby^ Swisher j and Oldham Couniie$, — ^Annual rainfall about 
June, July, and August, and late in autumn. Water in common wells is easily ob- 
tain^ in Donley County. The wells in the other connties range from 40 to 300 feet 
in depth, and cost an average of 60 cents per foot. All are operated by windmills 
using 3-inch cylinders. On the Goodnight ranches, situate lu these connties, are 
forty-seven reservoirs from 1 acre to 5 acres in extent, varying in depth from 3 to 10 
feet. The average cost of construction is about 9 cents per cubic yard of dam, and 
from 3,000 to 10,000 cubic yards are used in the construction of a reservoir. Agricul- 
tare consists in growing sorghum or other forage. 

Andrews County. — This connty is wholly occupied by cattle ranches, at whose in- 
stance about sixty to seventy wells were bored, ranging in depth from 47 to 90 feet. 
The water in all these wells is strongly artesian, and in nearly every well comes within 
1 to 20 feet of the surface. Well-borers who have worked in this county express it 
as their opinion that flowing wells could be had anywhere in thib county at a depth 
ofSOOtoSOOfeet. 

Eetor County, — The Odessa Improvement and Irrigation Company made one at- 
tempt to secure flowing water and bored H32 feet, passing through nearly 700 feer <>f 
red joint olay. Owing to a mishap to the casing, making turther work impossible, the 
boring was discontinued. As the experiment was a new one and the machinery em- 
ployed inadequate no further attempt was made as to bored wells, but one was dug 
for irrigating purposes, of which the following is a description : 

Shaft: 8x8 feet square, curbed 21 feet from the surface. From onrb to surface of 
irater, circular form, 15 feet 6 inches. Diameter at bottom of cnrb, 8 feet ; at water 
line, 12 feet. Beservoir, 12 feet in diameter at water line and 16 feet at bottom of 

S. Er, 22 20 



306 ' ARTESIAN WELLS. 

well. Depth of water, 11 feet 6 inches. Depth of well, 48 feot._ Reaervoir capac- 
ity of well, 14,500 gallons. Materials passed thrmigh : Soil 7 feet; rotten liiiieatoDe, 
14 feet; concrete rock, 16 feet — very hard and difficult to work ; soft sandstone and 
gravel, 11 feet; water found in gravel. Araonnt of water furnished by well, 5,000 
gallons per lionr, perpetual pumping. Test in»de wi:h Kuowl's stem pump: Capac- 
ity, 6,000 gallons per hour. Cost of well, $568.03. 

With steam pump working ten hours per day, this well will yield 50,000 gallons of 
water daily, or nnmcient to cover 2 acres of land with water 1 inch deep. Worked 
five days per week, during the year, it will give 2 inches of water per month to 20 
acres of land, or the equivalent of 24 inches annual rainfall, or 12 inches per annum 
to 40 acres. The latter amount with the rainfall is simply sufficient for orchard and 
vineyard pur)>o8es at this point. 

A 20-foot windmill is employed in raising this water, which is stored in a res- 
ervoir built above ground, so that it lies higher than the farm. It is 75 feei square 
and 5 feet deep ana holds about 210,000 gallons. It is built of the sandy loam of the 
county and is lined with a coating of tar on the inside, which makes it perfectly wa- 
ter proof. The walls of the reservoir are 6 feet high, 4 feet broad on the orown and 
13 feet at the base, built like a railroad fill. The windmill exclusive of tower and 
pumps, cost $250, and the reservoir complete cost $250. The company irrigate 20 
acres of fine California grapes and fancy fruits and can serve double the acreage with 
their present wat4*r supply. 

Rev. C. Colder irrigates an orchard of 5 acres from a well 56 feet deep, 4 feet dia- 
meter at the mouth, and 7 feet diameter at the bottom, holding 6 feet of water. The 
well is pumped by a 12-fiH)t windmill, and is deemed ample and sufficient for 20 acres 
ingrapeRor fruit. Mr. W. White's orchard and vineyard is distant one-half mile from 
Odessa Station. It is irrigated from a dug jseU GO feet deep, with a boring of 60 feet 
more in tho bottom. The water is pnmp^ by a 14-foot windmill, U. 8. make. The 
supply from this well is deemed sufficient for 30 acres of orchard and garden. Con- 
nected with the well is a circular irrigation reservoir, 60 feet in diameter, 8 feet deep, 
holding about 169,560 gallons. The wall of the reservoir is made by scraping out 
the soil of the interior, being 6 feet high on the outside and 9 feet on the inside. 
Three feet of the reservoir are below the level of the field, and is used as a fish pond, 
the irrigation water being drawn firom above this point. The reservoir is lined with 
tar and pitchy and is made water proof. The cost is figured as follows : 

500 cnbic yards of dirt, at 15 cents $75.00 

5 barrels of tar, at $15 75.00 

Labor, etc 25.00 

175.00 

The 14-foot windmill pumps abont 20 gallons per minute in a strong wind, oraboat 
11,000 to 12,000 gallons per day on the average. At the present time there are from 
fifty to sixty wells in Ector Countv, and about ten to twelve reservoirs. These are 
mainly used for watering live stock, are usually built of cla^^i have no tar lining, are 
water proof, and inexpensive. The average cost of a well in Ector County is ^ per 
foot for dug wells and $1.25 per foot for bured wells. 

The Odessa Draw, an old river bed retired from business, affords an abnndance of 
water at 6 to 10 feet, and below its rock bottom a river is said to flow. This nnder- 
tlow can be raised to the surface by syphon, as explained elsewhere in this report. 

Upton County. — In this county there are from thirty to forty welhs, varying in depth 
from 30 to 100 feet. They are all used for watering live stock. 

Floyd County, — Abont one hundred and twenty-five wells, 25 to 30 feet deep, with 
excellent water in abnndance, all raised by 10 and 12 foot windmills. Most ranches 
have small farms attached to them, which are irrigated from these wells. Between 
May and August there are hundreds of depressions or lakes that are bank full. Many 
of them are so situated that their water could be syphoned to lower-lying tracts and 
need for irrigation. 

Hall County. — Has an nnderground stream described elsewhere. There are abont 
one hundred and twenty-five wells in the county from 25 to 30 feet deep, costing com- 
plete, wiih windmills and pumps, $110 to $150. The irrigating capacity of tht^se 
wells is estimated at 10 to 15 acres each, and a number of gardens are irrigated with 
them. They afford all the water demanded by 10 or 12 foot windmills, and none of 
them have given out in time of drought. The deepest well in the county is only 50 
feet down. In common with Floyd County, there are here hundreds of small lakes 
holding water l>etween, say, May and September, that could be made an important 
factor in irrigation. 

Stonewall County. —VeTj thinly settled; are very few wells in the coonty, and some 
of these contain gypsum in the water. 

Glaucoek County. — Water abundant along Lacy Draw at an average depth of 20 
feet about 8 miles east of Garden City. West of this place, in Mustang Draw, water 
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from 15 to 20 feet. This can be syphoned to hij^her lying lands. The depth in other 
parts of the county varies from 150 to 300 feet. In some localities red joint clay ift 
encountered, and then the boring is at onoe discontinned. About 12 miles southeast 
of Qarden City are the first waters of the North Concho suddenly rising out of the 
ground in powerful springs. On the Barnett &, Mclntyre ranch are nineteen or 
twenty wells, varying in depth from 60 to 90 feet. The water rises in all of them. 

Scurrjf County, — A contiiderable number of dug and bored welis, say one hundred and 
fifty to two hundred, vary in depth from 50 to bO feet, with a few that are shallower. 
Water is generally abundant and nf fair quality. 

Itsker County, — ^No deep artesian wells in the county. There are between two 
hnuared and nfty and three hundred bored wells. The deepest boring was 265 feet 
and DO water was obtained. The shallowest wells, and a considerable number are on 
the streams, vary from 4 to 25 feet. On the uplands away from the streams the shal- 
lowest are about 40 feet deep, the average 40 to 60 feet, and many 70 to BO feet aeep. 
While some wells have almost pure water a large number are more or less impreg- 
nated vrith gypsum. Cost of boring wells, 85 cents to $1 per foot. For drinking 
water, cisterns are largely employed. No land is at present under irrigation, and 
during the past three years fine crops have been grown without it. 

Donley County, — James H. Parks, Clarendon : ** We havenumerous bored wells in this 
and adjoining counties that find water at from 50 to 250 feet. In some of these the 
water nas risen 40 to 80 feet. The deeper the well the higher the water usually 
rises." 

Fisher County. — ^W. 0. Breedlove, Boby, Tex. : *' All of the wells bored here go from 
60 to 150 feet and afford an abundance of stock water. There has been a well dug on 
the square in this town 300 feet deep and no indication of water. In fact it is a dry 
hole.'* 

Fisher County,— C W. Morris, Hitson post office : '* In this part of the country the 
majority of wells are shallow, ranging from 12 to 35 feet deep." 

Glasscock County, — D. N. Morrison, Garden City : '* J. I. McDowell well is 15 miles 
southwest of Big Springs, and 25 feet deep ; cost $150, and is 4 feet in diameter ; sit- 
uate in Mustang Draw, and affords an unlimited supply of water j used for watering 
live stock and irrigating 5 to 8 acres in garden and oronard. Irrigation is necessary 
one-half or one-third the time." 

ffale County. — Horatio Graves, Epworth post-office : ** I have known this country 
since 1877 and ha ve lived at £p wort h si nee Apri 1, 1883; was the first set tier in this county, 
and have raised good crops here. The last two years have been very dry and crops have 
been almost a failure. I have always supposed that artesian wells could be made to 
work well here, that water could be found at 1,000 or 2,000 feet. I would like to see 
one tried, and will give any information I have to facilitate the trying of a well in 
this, one of the best, if not the very best county, in northwestern Texas. 

Hall Coaiitjf.— Alex. Stine, Salisbury post office : '* Water in dug wells has been 
found at a depth from 2 to 120 feet, some soft, some hard, and some bitter. There is 
a belt of subirrigated land along the banks of Red River, and the same in the south- 
west corner of the connty. I am of the opinion that artesian wells can be got in 
this locality. Springs are abundant along the heads of the creeks and breaks. Dams 
and tanks can be made at little cost for stock purposes. The expense for irrigating 
purposes would naturally be regulated by the location, etc." 

Haneford County. — James F. Cator, Zulu post office : '* Wells known to me are the 
following: A. L. Burgett's, Zulu, Tex.» on section 14, block P, Houston and Great 
Northern Railroad Company, 160 feet deep, sufficient water for do-nestio uses ; W. L. 
Ballard's, section 44, block P, Houston and Great Northern Railroad, 18t feet deep ; 
Robert Rosenthal, section 46, block P, Houston and Great Northern Railroad, 146 feet 
deep; Far well town site, 150 feet. These are not artesian wells, but they afford 
plenty of water for domestic purposes." 

Ralph Bigger, Hansford post office : *^ The volume of water sufficient for stock and 
domestic use obtainable at from 25 to 180 feet on section 136, block 45, Houston and 
Texas Central Railway. An attempt was made to reach artesian water, but the ma- 
chine failing to work satisfactorily, the well had to be abandoned at a depth of 130 
feet with about 70 feet of water." 

Aaron Carnott, Farwell, Tex., post office : " This is a beautiful plains prairie coun- 
try, watered by the Beaver, Coldwater, Paladnro, and Canadian streams, with fre- 
4|uent springs. On the flats or level prairie water is obtained by digging or boring 
at from 100 to 150 feet, and plenty of water is secured. I don't think tnere is any 
doubt but that artesian water can be obtained here, when it is a success north of us 
in Kansas and south and southeast of here in Texas." 

Heaiphill Couitfy.— George Ford, jr., Canadian post office: "There is not an arte- 
sian well in the county. Water is obtained in wells at a depth of 40 feet to 110, 
averaice depth 100 feet. Where crops can be irrigated the yield has been large. 
Have not been down by boring or digging more than 150 feet. 
LyuM, Terry, Hockley f etc. — ^There are a nnmber of ponds with permanent waters^ 
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aome fresh, otbers salty or brackish, in the lower Panhandle. The most noted among 
them are Cedar Lake, 2;') miles southwest from TahokaLake, in Lynn County, is a 
body of fresh water lasting all the year ronnd and is fed by springs. It has an 
island of 7 acres in the center. Rich Lake is 16 miles northwest from Double Lake. 
Ranger Lake is on the line of New Mexico. Yellow House Lake, wells, and springs 
are 35 miles from Yellow House Cation. Taboka Lake is 70 milesnorth of Big Spring, 
in Howard County. Silver Lake is 7 miles west of Yellow Honse and 142 miles from 
Big Spring. Donble Lake is 8 miles from Tahoka Lake. Fonr Lakes are 14 wen 
from Ranger Lake. The Blue Holes are east of the Yellow Honse Lake, and Eagle 
Lake is southwest from Running Water, in Hale Conuty. Each and every one of 
these lakes have good springs on the west side, but none are known to have such on 
the east side. The above description is as I got it £rom an old ranger. It woald 
have required 6 months' surveying to locate tuem properly. 

Lvnn County. — In the north half of the county the wells are from 70 to 90 feet deep; 
in the southeast part of the county from 100 to 175 feet, and in the southwest part are 
only two wells, 190 and 300 feet deep, with very little water. There are two salt lakes- 
and a considerable number of fresh water lakes in the county. 

Howard County, — Most of the rains fall between April and September, the greatest 
quantity coming down in one or two rains. The annual rainfall varies between 15 
and 24 inches, and irrigation for some kinds of crops is necessary every year. Forage 
plants do well without irrigation, and the same can be said of several miit orchards; 
but it is admitted that they could be vastly improved by irrigation. 

The town of Big Spring is situated in an ancient river bed, which traverses the 
county from east to west and can be traced northwest for nearly 2ri0 miles. Abont 
10 miles west of the town are several large salt lakes and soda springs, which empty 
into this old river bed, which is known as Sulphur Draw. In the vicinity of Big 
Spring are a number of dug wells averaging in depth abont 25 feet. The water 
found varies greatly in quality. In the town the water is very salty, changing in 
the different wells tio brackish, gypsum and fresh water ; all the wells affofd an aban- 
dant supply, but that of the salt wells is considered useless for any purpose. A few 
of the others are used for irrigation of tracts 1 or 2 acres in extent. 

Away from town numerous borings for water have been made, many of them in 
the *' draws." In these the depth is nsnally from 6 to 25 feet. Salt water is often 
enconntered, but as a rule the water is good. There are, after April in each year, a 
number of small ponds that carry water for several months, but generally they dry 
out before the end of June. In the north half of the county red Joint olay is oftfn 
met with in the borings, and in several localities this has been penetrated to a depth 
of 400 feet without obtaining water. A similar bed exists some 8 or 9 miles south of 
the center of the county. The soils of the county are well sniced to the growth of 
fine fruits, and there are several fine orchards and vineyards that have miide agood 
growth and have fruited without the benefits of irrigation. Grazing is the principal 
source of income, and lands at present figures are worth f^m %si to |3 per acre. 
The wells outside of town are the following: 

Roper & Evarts, three wells ; dug 18 to 20 feet ; good water. 

Mr. Walcott, one well ; dug 30 feet; good water. 

J. Smith, oue well; bored 150 feet; good water. 

George Bauer, one well ; bored 150 feet ; salt water. 

Devil's Elbow Ranch, one well ; dng 30 feet ; good water. 

Mr. North, one well ; dng 40 feet ; good water. 

On hill north of town, in Joint clay ; 90 feet ; salt water. 

Demarest Bros.. 14 miles north ; dog 30 feet; good water. 

Ole Anderson place, 14 miles north ; dog 60 feet; good water. 

Morita Station; dug 25 feet; brackish water. 

Ole Anderson's place, 2 wells ; bored 125 feet : good water. 

On sand hill east of town ; 30 to 60 feet ; good water. 

Arkansaw Ranch ; 100 to 130 feet ; good water. 

Well at Railroad shops ; 300 feet ; salt water. 

County artesian well in town ; salt water. 
While the water supply in wells is variable as to depth and quality, there Is no 
question but that immense quantities of water could be stored in this county and be 
used for irrigation. The county is sufficiently hilly to afford a considerable number 
of fine locations for storage dams, and the rainfall between April and October is saf- 
ficient to fill them in any year. 

The overflow of Big Spring (described in another part of this report) is carried 
through a ravine or caQon, which three-fourths of a mile below could be stored by 
a dam 1,000 or 1,200 feet long and 40 feet high. The basin thus formed woold be 
three-fourths mile long, one-fourth mile wide and 30 feet deep, and would hold aboat 
275,000,000 gallons of good water. By building a larger dam lower down the quan- 
tity stored could be greatly increased. At one.fouith mile above the spring the 
ravine could also be dammed. This would raise the bottojn of the reaervoir about 
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•40 feet and cover 200 to 400 acres. It would receive the drainage of about 20 square 
miles, and the pottom of the reservoir would be nearly 200 feet above the town of 
Bi«: Spring and a very large acreage of fine agricultural lands. About one-half 
mile east of the Big Spring is another draw or ravine (unnamed), which drains 7 or 
8 square miles. This could be made to hold a large amount of water and would 
probably irrigate 5 or 6 sections of land. On Morgan's Creek, in the northeast cor- 
ner of tho county, on section 3^ block 30, township north, is a site for a reservoir that 
would hold the drainage of 40 to 50 square miles, and has below it a magnificent 
body of farming lands. A cheap dnm could be made to irrigate from 10 to 15 sec- 
tions of land.' There are a considerable number of such locations in the county, all 
of which could be utilized for purposes of irrigation. 

Irion County. — Seven hundred acres here at Sherwood under irrigation, watered 
from Spring Creek. J. M. Carson, county judge. 

Kent County.-— G, C. Harrison, Jayton post office. ''The farming interest would 
be greatly benefited by means of irrigation, as this country is subject to droughts." 

Lipscomb County. — John Wanger, Timms City. " Geo. R. Timms's well drilled 227 
feet deep, and has 127 feet of water, which was struck at a depth of 150 feet. Eleva- 
tion, 2,fi00. E. C. Gray, Higgins, Tex.'' There is no artesian well iu this part, but 
• it is believed that artesian water can be had at a depth of 500 to 1,000 feet. In Meade 
County, Kans., in the same longitude, artesian water is easily procured. Our county 
is much the same as Meade county, Kans., in surface and appearance. Rainfall about 
20 inches, between April and September. Irrigation will be necessary every year in 
June, July, and August. 

Lubbock County. — H. A. Goodwin, Snyder, Tex. **Dave Taylor, at Singer's Store, 

has a flowing well of shallow depth at White Lake, on the plains, flowing a 2-inoh 

streaoi. The annual rainfall is about 15 inches, of which about 8 inches fall be- 

,tween April and September. Irrigation is necessary about oue-fourth of the time." 

Ortlinary wells in the two draws of the Yellow House Lake, traversing this county, 
are from 6 to 15 feet deep. On the upland the depth is from 70 to 90 feet. The qual- 
ity of the water is excellent and all wells afford an excellent supply. About 25 to 30 
windmills are used in the county. The head of Yellow House Creek is formed near 
the center of the county by two branch draws, and intothe:&e flow a considerable num- 
ber of springs. 

Martin County. — Common wells on the uplands vary from 35 to 145 feet in depth. 
This eoonty is situated ou the eastern edge of the Staked Plain, and here, as else- 
where, the rule applies, that the nearer the well is to the edge the deeper will be the 
"water line. 
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Common dug and bored wells are used in a small way for purposes of irrigation, 
and the experiments so far carried on have proved very profitable and successful. 
The Mareinfeld Fruit-growing, Gardening, au<l Irrigation Company have 20 acres 
planted in fruit trees and vines. They use two 8-iiich bored wells, each 146 feet deep, 
and carrying 60 feet of water. They have one 20-foot United States mill and one 
20- foot Perkin's mill, each capable of i^umping 2,000 gallons per hour. A storage res- 
ervoir to cover an area 70 feet by 200, 6feet deep, is now uuder contract. These water- 
works are deemed sufficient for 60 to 80 acres iu fruit trees and viues. The wells cost 
t6ttt. The windmill towers and labor $757, and the storage reservoir com pletetl with 
tar lining will cost about $300. 

L. P. Glasscock's tarm, orchard, and vineyard are situate on sec. 40, block 36, town- 
ship 1, south. His well is 3 by 3 feet square and 2U feet deep, and isiu Mustang Draw. 
This well furnishes 15,000 gallons per day, and in addition to irrigating 20 acres of 
land, is also used to water 2,000 head of cattle. He uses a 12-foot United States mill 
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and a fS^-inch cylinder. Two clay Btorage reservoirs, or *' tanka," one of 135,000 gal- 
lon's capacity and the other of i^f>9,000 galloDs' capacity, are kept bank fall all the 
time. The plant cost about as follows : 

Well 20 feet deep |30 

Windmill, tower, and pamp 75 

Storage reservoirs 40 

Total (abont) 145 

Aboutj 5 miles west of Marieufeld, on the Texas and Pacific Rail way , is an irrigated 
orchard and vineyard belonging to Mr. A. Rawlins. He has 20 acres in cultivation. 
Good water in apparently nnliaiited quantity is obtained in 3- inch bored wells aud 
carried by a 10-foot windmill to an irrigation reservoir lined with tar and built on 
the surface of the ground at an expense of about $50. The reservoir is 30 feet diame- 
ter, circular, and about 4 feet deep, holds about 22,000 gallons. The whole irrigatiou 
plant is worth about as follows: 

Two wells, 30 feet, at 50 cents per foot $30 

One 10-foot mill and fixings TiO 

Storage reservoir 30 

Total 110 

Ab mentioned, in another part of this report there are several draws which appar- 
ently carry an unlimited supply of good water under the stone bottom of their beds. 
This water is struck at 5 to 15 feet. If a number of syphons were inserted into the 
bed of this draw (Mustang) and several others, it seems that water enough for sev- 
eral thousand acres could be obtained at a nominal cost. 

Midland County. — Altitude, 2,7ti0. One artesian well is reported from this county 
as flowing 500 gallons per minute. As a matter of fact, it is simply a shallow well 
which has penetrated an underground stream flowing under pressure. Irrigation in 
the county is considered necessary three years oot of hve. There are perhaps a dozen 
small irrigated orchards aud vineyards in the vicinity of the town of Midland, and 
quite a number of gardens connected with ranches in the county. 

Z. T. Brown's ranch has an orchard aud vineyard about 7 miles south of Midland. 
There are about 20 acres planted in choice fruits. Altitude, 2,685 feet. The orchard 
is only a very sandy tract of land with a clay subsoil which retains all the water 
that falls on it, some 20 to 28 inches. He has a well 18 feet deep and uses % 12-foot 
Star mill, but has had no occasion to use any of the water for irrigating, as the soil 
provides all the moisture needed. The fruit trees and vines show a most vigoroos 
growth and were well laden with fruit when I saw them. 

Mr. J. S. Curtib's ranch is 6 miles north of Midland. Altitnde, 2,800 feet. He has 
4 acres in the European raisin and table grapes, all laden with fruit. He uses a dug 
well 30 feet deep, with 3 feet of water, which neither rises nor falls. The strata pen- 
etrated were 4 feet of top soil, then limestone, aud then water in coarse whit-e gravel. 
He uses a 12 foot Haliday mill, with double cylinders, pumping 8,600 gallons during 
6 hours of each day, when there is wind. This water is pumped into a wooden stor- 
age tank, 16 by 18 by 4 feet, tilled daily and used for a large herd of cattle as well 
as for irrigation. The entire cost of well, reservoir, and windmills is $300. This 
irrigation plant would serve 12 to 18 acres. 

J. M. Moody's orchard, vineyard, and nursery comprises about 6 acres in the town 
of Midland. They are irrigated from a well 35 feet deep, costing $4 per foot. Ten 
feet of water standing permanently in the well. A 10-foot Haliday windmill raises 
800 gallons per hour; twenty-four hours' continuous pumping does not seem to affect 
the well in the least. Irrigation is deemed most necessary in March and April of each 
year. In June, July, and August there are usually heavy rains. An irrigation plaot 
like Mr. Moody's will cost abont $300. According to his estimate dry lauds that can 
uow be bought for $2 or $3 per acre would be worth $500 per acre if made irrigable, 
at least his tract is not for sale at that figure. 

N. 8. Worlcy's orchard and vineyard consists of 10 acres in fruit trees and vines and 
is one-half mile from the town of Midland. He has one well 55 feet deep that carries 
permanently 10 feet of water and furnishes every eight hours 9,600 gallons. A secoud 
well now in construction, is 7 feet H inches in diameter at the month and 15 by 15 
feet at the bottom. The water ri>e8 7 feet above the bottom. A 12 foot Kirk wood 
windmill extracts all the water in twelve hours, both of these wells are 55 feet deep 
but the second well is being carried down to the next sheet of water below. The 
cost of the first well is $300, of the second $325. This includes the windmills and 
pumps for each. The water from both wells is pumped into a clay storage reservoir 
60 feet in diameter and 6 feet deep, holding about 127.000 gallons, which supply i» 
deemed ample and more than sufficient for 10 acres. The cost of this reservoir is$t50. 

Prices generally paid for borings are $1.25 for the first 100 feet, $1.75 for the secooit 
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100 feet| and rising at the late of 50 cents for each snccessive 100 feet. The average 
cost of a well is |60, and the average cost of a winduiill is $75. The average esti- 
mated capacity of an ordinary well and windmill for irrigation is from 3 to 5 acres 
the first year, double that acreage the second year, and possibly a large increase of 
capacity thereafter. By the nse of storage tanks or reservoirs the acreage can be ex- 
tended to 10 acres, and doubled the second year. Dry land is worth |3 per acre. 
When supplied with an irrigation plant worth ^00 for 10 acres, it is valued at $50 
per acre. Price recently oti'ered for a *.^^-acre tract fenced and planted with one-year 
old fruit trees, but without irrigation water, was i|()80, which was rejected. 

Miichell Couhly, — There are about 75 to lOU wells outside of Coloradfo City, most of 
which are bored. In the northeast part of the county the wells are 80 to 125 feet 
deep, the water good and abundant. In the southeast part the depth is about the 
same and the qualitv good. In the northwest quarter of the connty the depth on 
the upland is from 80 to 125 feet. In the Satan Valley and neighborhood of Morgan 
Creek good water is found at a depth of 10 to 25 feet. On the west end of Satan 
Valley the railroad made one boring of 70 feet and struck salt water. In the south- 
west quarter of the county the ordinary depth is 100 to 125 feet. Some of the wells 
in the northwest part of the county are a little alkaline. Windmills are extensively 
used. Com, wheat, cotton, and oats are grown without irrigation. Vegetable and 
flower gardens are sometimes irrigated. The annual rainfall varies between 18 and 
24 inches, most of it falling between the 2ist of April and tbe end of September. In 
the Satan Valley and numerous other localities are nnmerous locations for storage 
reservoirs which could be cheaply built and made to serve a large acreage. 

Nolan County, — Altitnde, raiJroad track at Sweetwafer, 2,210. In the southern 
part of the county the average depth of dng wells is about 40 feet. In the northern 
part they are of greater depth and few in number. Such as arf» bored, and they are 
few, are from 40 to 70 feet deep. The divide between the Colorado and Brazos Rivers 
traverses the connty from east to west, and on this the wells are the deepest. All the 
well water on the north side of the divide is more or less impregnated with gypsum 
and not generally fit for nse, leaving a white deposit on the ground wherever it is 
spilled and allowed to evaporate. It is qped for irrigation in a number of small 
gartlens and is found to be beneficial to plant life rather than otherwise. South of 
the divide the water is much better, and is best in the post-oak timber near the south- 
east corner of the connty. The deepest well in the county is at the plaster of Paris 
factory at Sweetwater. This well is 500 feet deep. The first water was fonnd at 1^0 
feet, and thereafter numerous other veins were found, finally rising to within 65 feet 
of the surface, and the water obtained is strongly impregnated with gypsum. Drink- 
ing water is stored in cisterns. Bored wells on the divide are from 150 to 300 feet 
deep, having a very limited supply until the de{)th of 300 feet is i^ached. The water 
then rises to within 16 feet of the surface. It is thought by many that good water 
and possibly flowing water will be found at a depth of ($0 to 1,000 feet. 

There are thirty or forty locations where storage reservoirs, covering 320 to 640 
acres, could be cheaply built. The soil will retain water, and seems to be excellently 
adapted to storage. It is the opinion of Messrs. Croan &, Fisher, of Sweetwater, 
that if such reservoirs were built there would be no trouble whatever in disposing of 
water rights. A farmer, in their opinion, could afford to pay $2 per acre or more 
for water rent per annnm. At present figures lands are worth from $'2.25 t-o $5 per 
acre, but if the water for irrigation were handy they wonld probably increase in value 
to about f25 to $50 per acre. 

Ba;rland A. Beall, Sweetwater : " We have a great many common bored stock wells 
from 125 to 250 feet deep. The water in same for most part stands within 70 or 80 
feet of the top. The wells are about 6-inch bore and cost upon an average from |1 to 
fl.lO per foot. The water in the northern portion of the county is impregnated more 
or less with gypsum. In the southern portion it is free from any unpleasant min- 
erals. No irrigation is done from these wells. However, with a sufncient flow of 
water, irrigation wonld be very profitable, as the rainfall is not sufiQcient during 
cropping season. The wells that have been bored pass through some rock, but no 
great difflcnlty is experienced in boring any of them. We can not give any definite 
answer as to how deep to artesian water. 

Ochiltree County. — Altitnde about 2,500 feet above sea-level. Irrigation necessary 
about half the year. Common wells in the vicinity of Gilaloo and OchiUree vary in 
depth from 190 to 220 feet. After secnrinj; the water it rises in the wells from 15 to 
20 feet. At Creswell the water does not rise in the wells. 

Carson County, — Panhandle City. The Fort Worth and Denver Railway made a 
boring here of 600 feet but failed to secure a flow of water. 

Gray County. — Water in some wells at 130 feet. 

Potter County. — J. C. Hatchell, Amarilla : ''Water is obtained in this vicinity at an 
average depth of 200 feet. It rises from 20 to 80 feet and is brought to the surface by 
windmills. It is clear and soft, and is used for watering stock and farm purposes 
generally. The supply is inexhaustible t-o windmills.'' 
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Roberts County. — J. C. English, aoryeyor, Miami : ** Water is obtained at a depth 
varying from a few feet up to 500 feet in this county. On the upland plains the shal- 
lowest well is about 100 feet and the deepest 500 feet. Sometimes an abnodaoce of 
water is obtained at 100 feet, while one-half mile distant none is obtained at 300 feet.*' 

Walker Scoggan, Canadian P. O. : "The annual rainfall is about 24 inches, fallio^ 
mostly in May, July, and August. Irrigation is deemed necessary every year." 

Sourry County. — A. C. Wilmeth, Snyder P. O. : ** The rainfall between April and Sep- 
tember is about 18 to 20 inches. Irrigation not necessary every year, but when needed, 
will be required in winter. We have no artesian wells in this county, thon|;h ^e 
thoroughly believe we can secure one by boring 300 feet or more. Our locality is 
furnished with water from wells about 40 feet deep, on the average. We »«»ciire 
water in sandstone. In one well I bored I struck water at 30 feet, a light stream ; a& 
50 feet a bold stream, and tbe water rose to the tirst stream. I am using a 10-ftvit 
windmill to raise water for stock and irrigation. Can irrigate about 5 to 10 acres by 
close work' and the help of the rains. Springs break out at higher points than the 
town, and I believe water can be secured by boring." 

Ordinary wells in the couuty range in depth from 25 to 100 feet, and th(^re seems to 
be no uniformity in any locality as to depth. Qenerally fresh water is obtained, bat 
in the northeast quarter of the county tbe water is more or less impregnated with 
gypsum. 

Tom Oreen County. — Several thousand acres in the vicinity of San Angelo are 
irrigated from the Concho and its tributaries. There are several very fine locatioDS 
for storage reservoirs, situated conveniently for the irrigation of very large areas ot 
land. Quite a number of gardens and small tracts of trees and vines are irrigated 
from windmills. The mean annual rainfall is as follows at Fort Concho: 1878, :i4,64 
inches ; 1{S79, 18.54 inches ; 1*^80, 37.75 inches ; 1881, 18.96 inches. The precipit-ation is 
greatest in May, June, July, August, and September of each year, irrigation is highly 
advantageous to insure perfect success in farming, and the means for effecting it are 
cheap and convenient along the streams. On the uplands the well and windmill or 
the artettian well will have to used more or leas. 

Val Verde Count if. ^ At Del Rib some 3,000 acres are irrigated f^om the San Felipe 
Springs, which rise about 1^ miles northeast ot the town. Wells and windmilla are 
used away from the water courses, and some of them have a depth of 475 feet, csrry- 
ingabout 175 feet of water and deemed inexhaustible to windmills. 

n heeler County. — No attempt to drill for artesian water has been made in this neigh- 
borhood. But there are several springs strong enough to rise up through a pipe held 
over them. The spring out on Van Horn &, McKinley's ranch rises up through a pipe 
14 or 15 feet, and would ptobably rise much higher. 

SPRINGS WEST OF THE NINETY-SEVENTH MERIDIAN. 

DISTRICT NO. 1. 

Dimmii Counly. — A.Eardley, Carrizo Springs Post-Offloe : '^ A number of fine aprings 
in the county.'' 

Bastrop County. — B. P. Templeton, Garfield, Tex.: '^ There is not a living spring in 
this section of Bastrop county. What few there are are nothing more than wet 
weather seeps, that dry up in drought.'' 

Bee County. — W. R. Hayes, BeeviUe: ''There are no springs of any ounaeqnenee, 
but an inexhaustible supply of water for windmills, reaoned at from 30 to 100 feet 
nnder the surface." 

Clay County. — Mrs. Rachel D. I vie, Myrtle, Tez<: '' In this part of the county then 
are a number of good springs. Water is got, at from 12 to 50 feet, in abandanoe; 
mostly soft water.'' 

Comal County.— A. Giesecke, New Braunfels: ''Comal Springs, located in Comal 
Couuty, near New Braunfels, very clear water, contains mineral matter, 21,000 cubic 
feet per minute, flows very rapidly. Drought has no effect on the volume of the water. 
There are several more springs in this county, but all of them are more or lesa affected 
by droughts. I could only give the names of the springs, but no other information. 
A great deal of boring for water has been done in this county, but no artesian water 
has been struck. The deepest well was bored by Christian Pfeuffer (about 600r feet) 
who may be able to give some information. His address is San Antonio, Tex." 

Cooke County. — W. G. Robinson, Kosston, Tex.: "There is a remarkable spring of 
water near the surface, situate about 1 mile from Rosston. The opening is about 8 
feet in diameter. The water is about 1 foot from the surface. It is not affeoted bv 
dry weather nor does the water rise auy higher by rsiins. There are other small 
aprings near hero, but I am of the opinion that they are from the drainage of the 
snrfaee. The first-mentioned Hpring is on W. T. Berry's farm." 

Grter County. — H. A. Sweet, Maugum Post Office : '*Iu this county are the follow* 
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ing springs: Station Creek Spring, Spring Creek, Elm Spring. There are no arte- 
eiaa wells; surface water in springs, seme of them of considerable volume; would 
fill, say 10 to 12 inch pipe, others still more. Water is obtained in ordinary wells in 
from 12 to 40 feet all oyer the county.'' 

Hays County. — £. J. L. Green, San Marcos, Tex. : " No artesian wells in this 
connty. The San Marcos Springs, which support the San Marcos River, are the grand 
springs of this section, or county. They furnish some 1,200 horsepower and flow 
about the same all the year. Water clear as crystal.'' 

Otto Qroos, Kyle, Tex.: ''The San Marcos Springs are near San Marcos. The 
water comes out from under a mountain and makes a good-sized river. It is evi- 
dently artesian, as the rains have no effect on the water. It always runs the same and 
has the same temperature all the year round." 

Jacob's Well is a large spring, coming out of the bottom of a creek, through solid 
rock. The spring, which resembles a well, is about 8 feet diameter and goes straight 
down through s<Hid rock 30 or 40 feet. It is clear as crystal and the flow of water is 
always the same. This spring is about 14 miles northwest from San Marcos Spring 
and both have the same water. 

Lampasa$ County, — James Deering, Lampasas : '* Hanna Spring yields 10,000 gal- 
lons per hour, and Hancock Spring 10,000 gallons per hour." 

D. C. Thomas, Lampasas: '* We nave in this city three noted mineral springs, each 
throwing off some 2,000 gallons per minute and flowing into what is known as the 
Sulphur Fork of the Lampasas. These springs are somewhat celebrated for their 
curative properties, and I regret that I can not now send you an analysis of the 
waters." 

These springs are not in^nenced by rains, there is no variation in the flow at any 
season. 

Bandera Otmnfy.— William S. Ross, Hondo Cafion Post office : ''There is no artesian 
well iu this part of the country, but plenty of springs." 

Burnet County. — R. W. Cates, Burnet : "There are no artesian wells or springs of 
importance that I remember now." 

M. J. Moseley, Shovel Mountain Post Office : " Some deep wells at Marble Falls, but 
none artesian, I think. Surrounding country is full of springs, many of which spring 
np with great force." 

Louis Polk, county surveyor, Burnet : " Ko artesian wells in county. Mountainous 
sections abundantly supplied with springs. Water on the table lands found by bor- 
ing from 80 to 250 feet, but water does not rise to surface, owing principally to caves 
in the ground to which the water rises and then flows off in the same.'' 

Caldwell County. — ^E. H. Rogan, Lockhart, Tex. : " We have within the corporate 
limits of Lockhart seventv-nve or eighty firee running springs furnishing a large 
water supply of first quality. The San Marcos River, on the western boundary of 
the county, can be used for purposes of irrigation over a large extent of fertile coun- 
try. With this exception we have no water in the county that oan.be used for irri- 
gation." 

Hardeman County. --^ohn Wesley, Quanah Post Office: "A great many flowing 
springs in the west part of this county on Good Creek." 

Maean Coumty. — Calhoun Sl Kniveton, Fredonia, Tex. : " Barton Spring lies east of 
Fiedooia three-quarters of a mile. Spice Rock Spring southwest 3^ miles. Barton 
Spring is in a lime formation and Spice Rock in granite." 

Menard Counti/. — F. M. Kitchens, Menard ville: *' There are springs on Survey No. 
1456, W. J. Wilkinson, Fort McKavett ; survey No. 1441, Alfred Streigler, Menard- 
ville, also W. L. Black and W. J. Vaughan. Robert Robinson, McKavett Springs: 
Olear Spring flows about 1,200 cubic feet per minute ; W. L. Blacks Spring, about 300 
«nbic feet ; McKavett Spring, about 400 cubic feet ; Coglan Spring, about 100 cubic 
feet, and Elm Spring, 75 cubic feet per minute." 

San Saba County. -^S F. Ray, San Saba: "Springs owned by Thomas and R. L. 
^loan, George Baker, R. C. Hart, J. H. Brown, Gabe Hart, B. H. McAlley, F. Ham- 
rick, and E. L. Hicks, aP of San Saba. E. L. Hicks irrigates 25 acres, 12 miles south- 
east of San Saba town. J. H. Brown runs 50-barrel roller mill. B. H. McAlley and 
Floyd Hamrick irrigate 15 acres each, 3 miles east of San Saba town. Tliomas and R. 
L.Sloan irrigate 30 acres, 14 miles west of town ; George Baker, 30 acres, 13 miles west, 
and R. C. and Gabe Hart, 15 acres, 14 miles west of town. Richland Springs not 
us^d for irrigation would supply 12 acres." 

Throckmorton County. — C. E. Smith, Throckmorton Post Office: "A number of ever 
flowing springs." 

Wilson County.^J.B. Policy, Floresville Post Office: "At Sutherland Springs and 
at Jackson's Gulch are large black and white sulphnr Chalybeate and magnesia 
springs." 

Wilbarger County. — C. F. Doan, Doan's Post Office : " There are large fine springs 
around Doan's, but none of the water is used for irrigating purposes." 

Comanehe County,^^T. R. HiU, Comanche PQst Office : " Bluff Spring, 5 miles west 
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of Coraancbe, runs ont of sandrock. There are several springs in the connty and 
usually water can be had at from 15 to 100 feet.'' * 

BurAet County, — T. A. Chamberlain, county surveyor, Burnet: *' Oatmeal Springs, 
owned by H. Campbell ; Post Oak Spring, owned by J. M. Ttfmlinsoii ; Delaware 
Spring, by H. G. Peyton, all at Burnet, limestone water; Flat Rock Spring, owned 
by Herman Fnchs; Tiger Mills, also limestone water; Spicewood Spring, owned by 
M. B. May, Burnet, limestone wat>er.'' 

Bosque County,— G. M. Coston, CranfilVs Gap Post Office: *'One spring at this 
place. I suppose it furnishes about 2^ gallons per hour." 

Llano Connty. — E. H. Alexander, Llano, Tex. : "There are springs on S. W. Ken- 
drick pre-emption, Llano Post Office ; on Nellie Bedford survey, owned by W. E. 
Rabb, Packsaddle, Tex. : one owned by E. Moore, Packsaddle Post Office ; on survey 
No. 619 State school lauds, owned by F. C. Wilbern, Llano, Tex. ; one on section 
129, Germany Immigration Company survey, owned by Joe. F. Brown, Valley Spring, 
Tex. The F. C. Wilbern spring rises on the top of a mountain and flows down into 
the valley of the Little Llano, sufficient for irrigating several acres. There are 
other tine springs in this county used on a small scale for irrigating." 

Kerr County. — Ann E. Joy, Japonica, Tex. : '* Springs are too numerous to mention, 
as all the water courses are fed by them and do not dry up in the summer. Those 
that live on the water courses have lasting water all the time ; on the Divide (as h 
is called) they use windmills and wells." 

Jack County, — T. D. Jones, Jacksborough : *' Limestone water ; many l>old spriofifs 
in the county, seemingly inexhaustible. Cost of artesian wells average f 125 to $1^.'' 

ffill County,-^. O. Files, Files Post Office: " We have in places an abnndanceof 
what we csU surface water, consisting of never failing springs and wells." 

Bandera County. — G. T. Lincoln, Bandera, Tex. : *' There is only one artesian well 
in the county, but there are hundreds of springs." 

Duval County. — James A. Lahy, San Diego Post Office: ''Springs in San Diego 
Creek and in Palo Blanco Creek." 

Stephens County. — T. W. Brown, Breckinridge Post Office : " Several springs in the 
county where the water comes to the surface, but does not flow off, except in very 
wet weather." 

Somervell County. — A. R. Fowlkes, Glen Rose Post Office : ** Springs owned by Wil- 
liam Porter, Frank Murphy, Jesse Kinnel, S. H. Brown, and J. A. Hart, with many 
others, furnish Sqnaw and Paluxy Creeks. Both flow throughout the year. Sqaaw 
Creek, the smaller one, gets very low. The water is limestone." 

Maverick County. — Otto Pcteler, Eagle Posh : " Rishe Spring is 13 miles east of Eagle 
Pass; Salado Spring 2*2 miles southeast; Rosita Spring? miles southeast^ andSoucito 
Spring 7 miles northwest. All the springH mentioned are everlasting. Water very 
good for drinking, but the flow is very weak and the water sinks into the groand 
at a short distance from the spring." 

McLennan County. — Andrew Goddard, Waco, Tex. : ** There are twelve strong-flow- 
ing springs in and near Waco; five springs near Bosqueville; one fine spring near 
Conger's place, and a large spring near Patrick. Near Bosqueville is an alum well.'* 

J^ Davis County.— C. H. Merriman, Pecos City : ** FromPhanton Lake due north 
nearly 12 miles, James £dgar discovered on the open prairie a swift-running stream 
that had jnst worked its way to the surface. His attention was attracted by the 
waving of the grass, which shortly after disappeared from view. On closer exami- 
nation he found a good-sized stream where there had been none a few hours before. 
Only a few yards of it are above ground." 

Callahan County.— A few springs of limited capacity and liable to dry up in time of 
drought. 

Shackelford County. — Springs are numerous and lasting. None are used for purpoees 
of irrigation. 

Lynn County. — C. H. Earnest, Colorado : ** Quite a number of freeh- water lakes and 
two salt lakes." 

Crosby County. — C. H. Earnest, Colorado, Tex. : '* Large springs are very nnmer- 
ous." 

Eastland County. — J. E. Luse, Cisco, Tex., saysi " Springs of this connty are of 
limited capacity, and a majority of them are unreliable in time of drought. A few 
might on a limited scale be used for irrigation. First sulphur spring about 4 miles 
northeast of Cisco, about 15 feet above bed of creek. Will water 100 head of cattle 
all the year round. A cow will daily consume about 10 gallons. About one-half the 
water is consumed " 

Coon Soring, 1^ miles from Cisco, in bed of creek, 4,800 gallons drawn daily woald 
exhaust tne spring. A small dftm thrown across the creek would irrigate a limited 
acreage. 

A number of mineral, sulphur, and pure-water springs, abont 5 miles sontheast of 
Cisco, in a ravine. They now water about 1,000'heacl of cattle. The place is known 
as Leon Creek, and is visited as a health resort. A dam thrown across the ravine 
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woald store a considerable qaaDtity of water that could be carried to some lands 
below. McHnghes spring, G miles east of Cisco, is a strong spring so situated that it 
could be stored; bat the land below it is considered worthless for agrioultoral pur- 
poses. 

Other spring in the county are Mulberry Bear, Shinoak, Ellison, etc., all of very 
limited capacity. 

San Saba County. — At the town of San Saba is a large spring, affording some 500 
cubic feet of water per minute, and in less than 100 yards from its source ts a fall of 
some 18 feet, where its power is harnessed to a fine roller.mill, of a capacity of some 50 
barrels of dour per day. A corn mill and cotton *gin are also operated by the same 
power. This stream is only about 1 mile in lengtn, but such is the rapidity of ita 
descent that one or two otlier dams could be succesisfully built, and the water thus be 
used again and again before it reaches the lovely San Saba River, less than half a 
mile on an air line from its source. 

Our great springs are artesian. The outflow in most instances is slightly greater 
in the sumnier months than in the winter. Local rains have no effect upon them, 
their temperature is usually about 70 degrees, showing that they have about the 
same source and run nearly the same depth below the surface. 

There are no less than twenty to twenty-five large springs within the bounds of 
the county, and there are bundre<ls of (»ther smaller springs, besides the Colorado and 
San Saba rivers, and some dozen or morefine creeks, which flow from January to Jan- 
uary. There is not a better watered section in this state or elsewhere, as to that 
matter. 

Uvalde county. — M. L. Follette (postmaster at Good Lnck), sends the following list 
of springs, ** which flow with great force and large volume : " 



Spring. 



Owner. 



Bloflh Creek 

Gen.fiavlor's 

Raaeh Creek 

Live Oak 

Upper Sycamore 

PalW 

Indian 

SpriDg on Middle Creek 



Rev. R. Galbraith 



J. Jennings 



Mr. Bjoronen .... 
Captain Follette. 
O. K.Chiun 



Location. 



Montello post office. 

Do. 

Do. 
Nenr Good Lack post office. 

Do. 



*' Ordinary springs not mentioned.'' 



SPRINGS IN DISTRICT NO. 2. 



Borden County. — Anthony Blum, Durham, Tex.: ^'Numerous springs of clear, soft 
water come to the sarfa6e at intervals. The same water is obtained in spots from & 
few fe^t to 20 feet deep. The flow is constant, though not very groat ; have no 
method of measnring it." 

Cottle County,— O. Dumont, Otta post oflSce : ** We have many large springs; flow 
gypsum or salt water. There is no water here that could be used for irrigation pur- 
poses : it is not pure enough.'' 

Cro*hy County.— (Altitude 2,600) H. C. Smith, Mount Blanco, Tex.: *< On section 24, 
State land, two large springs ; on section 1, £. Co. S. L. one large spring ; on section 42, 
HoQSton and Great Northern Railroad, one large spring. I am satisfied that if the 
wat«r of above-mentioned springs were confined it would rise to the surface of the 
plain a height of 250 or 300 feet. These springs afibrd a great deal of water and come 
to the surface with great force, throwing up a fine quality of very fine, sharp sand.'^ 

JDonJey County. — Jam^s H. Parks, Clarendon, Tex.: ''There are numerous springs 
and good flowing water courses in this and adjoining counties. Some of these springa 
have been atilized for irrigating purposes and may perhaps come within your scope 
of inquiry. Those used have been carried out by open ditches, and some of them 
have proven satisfactory. About 100 to 150 good bold springs in this and adjoining 
counties." 

Edwards County. — An abundance of fine flowing springs. 

Fiaker County. — W. C. Breedlove, Roby : "The springs all break oat in the bed of 
' branches,' and the most of them go dry when there is a drought." 

£. D. Strang, Fisher post office: "There are a few wet- weather springs along 
Double Mountain Fork ot Brazos and Clear Fork, but with a thorough knowledge of 
the country I can say there are not six living springs in the county. 

Hall County. — Alex. Stine, Salisbury post office: ** Springs are abundant and alon^^ 
the heads of the creeks and breaks." 
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Hartley Countj/. — C. F. CaokliD, Hartley pout ofBee ; " T^ers are no kDowD ipriDici, 
lakes, oi rivers that can be made available for irrigation. Ten miles west of Ibil 
place, in the Rila Blanca CaSon, water iu several places springs from the gronod, and 
(Doch of it [s sub irrigated and stiJi further down nioniog water. In wet seasoDsthe 
ntauy lakes hold water the most of the year, and the geneinl lay of the country makM 
it posaibte to use tbe^te tbonsacds of lakes or basins itir storage pnrposes." 

Heieard CouHly.— The Big Spriog, 2 miles south ot the lowu of Bif; Spring, on mc- 
tiou 7, block 3^, township t south, is formeil iu a foBsiliforonn liii.estonn led|;e tiiP' 
pins westward. It lie^ in a water course whicli, in ibo course of time, has been cnl 
throngbb; the rash of waters from above. As tbinluclgoi^tormuiof Htnallflititj-iiod- 
iilefi, loosely CI mented, every heavy rainfall breaks ot! a number, which are dropiwd 
into the pool below. Underneath this limestone li^dgo lies a layer of gravd, a can- 
glomerate as hard as lliut. Whether this layer of conglomerate whs fraotnroil vlicn 
the upheaval took place that tittpd Ilie limestone ledge, or whether tbe chiirninE 
action of the Uirrents that pour over the ledge attiniPS, vored a hole through tliiacoD- 
glomerate, 1 will not undertake to determine, but will add as a matter ofinronuatinn 
Ibat daring last May the torrent resulting from a three-bours' rain lifted st Jpwt M 
tonsof bowlders, HumK weigfaiag 300 pounds, ontof the spring. Tbe fall of t lis tor- 
rent, perpend iun I ar, is aboot 35 feet. Tbe spring has a diameter of 40 feet, and am- 
mally carries V2 fmt of water- Its alCitudo is 3,395 feet. A railway steam punipci- 
troota daily 100,000 gallons, a auuiber 9 Know lea bein^ used. Tbe water is pninprd 
ODB-half mile to a ridgo between thu town and tbe spring, and then by gravity fiuna 
tbe remainder of the distance. As the spring lies 150 feet above the town it could he 
ay phoned -quite easily. When not pumped there is an overflow of tbe spring, bntthe 
pnmp keeps it betow overflow. 

Uoas Spring, on section SI, townaltip I, aouth, block 31, about 6 miles eonthcMl 
from Big Spring, comes through aamall oavem of sandy porous, nearly limestone. It 
has a perpetual flow, eqnivalenC to that of a 4 or 6 inch pipe. It is alao in a dnv. 



SCCTION OF MOSS SFRINe 




StCTiON or SIfl SPRINS 




aoout loO to 900 feet to altitude. The limestone and oon- 
Hei'ius to bo identical with tbesame material found in the 
leH west and 300 feet higher. Tbe porous sandy limestoDC 
i>f tbe Moss Spring, resembles that of the urtcsiau well at Odessa, at a depth of MO 
fcel. _ 

tu tbe vicinity of Mors .Spring are sevi-ral smaller ones, and north of Big Spring 1^ 
milex, is Wild Horse Spring, nit'ordilli; a limited snpidy, ami remarkable prrhspsDDlf 
for tbe fact thai the bones of an eiepbiint or uinstodon have been unearthed tbeie- 
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Irion County. -^J, M. Carson, Sherwood, Tex. : " Spring Creek, Dove Creek, and Soutb 
CoDcho start oat with large springs, which irrigate several large farms each.'^ 

(Memorandum by editor. — These springs lie on thesoathem foot of the Staked 
Plain.) 

'^ Spring Creek irrigates about 700 acres." 

Knox County. — George S. Benedict, Goree, Tex. : " We have plenty of springs in 
this county." 

Lipacombe County, — £. C. Gray, Higgins, Tex^: ''Numerous springs abound, which 
seem to ije of artesian nature. Wherever the water has been conjined it raised to 
overflow the curbing in which it was confined." 

Martin County (altitude 2,700 feet). — A soda spring and a sulphur spring, both of 
limited capacity, in Sulphur Draw. Mustang Spring, 4 miles south of Texas and 
Pacific Railway, on Mustang Draw, is a leak, probably, l^m underground stream in 
this draw, silted up, but wat^r in abundance at 1 or 2 feet. It is thought that there 
is water enough to irrigate a section or two of land. 

Midland County. — One spring on Chicago ranch and Peck Sprinjj^ 18 miles south of 
Midland town. Neither afi'ord sufficient water for purposes of irrigation. 

Mitehell County. — Springs of sufficient volume ror irrigation, or so located that 
they could be used to advantage, are rare. The only sprinje; worthv of special men- 
tion is known as ''seven wells/' It is located at the junction of the two Champion 
Creeks. Right at this junction a bed of gray very coarse friable sandstone, contain- 
ing a vast number of quartz and other pebbles, crosses the creek at right angles. At 
times there is water in the creeks, which, also meeting at right angles on this sand> 
stone bed, form eddies, which, picking the loose pebbles, had the e£fect of drilling 
wells. Altogether there are from twenty to thirty perforations in the sand rock, 
some extending downward only 3 or 4 feet, while others go down 70 to 90 feet. The 
holes are about 3 to 4 feet diameter at the surface, but increase in diameter down- 
ward. A large part of the sand ledge has been carried away, and in high water there 
is a fall of 15 or 20 feet. Several of the holes have penetrated clear through the sand- 
stone and clay below, and from these there issues a small stream of water running 
into a small lake below. If the quantity were sufficient, it is yet a question as lo 
whether there is any land suitable for cultivation below. 

Nolan County. — Springs few and far between in wet weather, and noted for their 
absence in time of drought. 

Oehiliree County. — (Altitude, 2,500. ) W.J. Todd, Ochiltree post-office: "Have sev- 
eral good springs in the county, but I know nothing of the character of the water." 

Isaac A. Curry, Gilaloo i>08t office: "Gilaloo Creek is unquestionably fed by strong 
springe. The source is a pool, and a strong stream starts ftx>m the outlet." 

Chray County. — (Altitude, 3,000.) Numerous large springs, some of them 100 feet 
diameter and very deep. Water clear as crystal. 

Potter County. J. C. Hatchell, Amarillo, Tex. : "The springs in this county lie in 
the cations 100 to 200 feet or more below the ^lain." 

Roberts County, — There is considerable spring water on the Canadian River and 
the creeks that make into it. The bottom of the river and the creeks are about 500 
feet below the Staked Plain. These springs are artesian in character, because they 
are much stronger in winter when no rain falls, or nearly none. The ground here 
has not been wet for two or three years, that is, soaked with water, but the flow of 
spring water has not been lessened, in the least. 

VaT Verde County. — W. K. Jones, Del Rio, county Judge: "The Sau Felipe Springs 
rise 1^ miles northeast of the town of Del Rio ; 3,000 acres are irrigated from one of 
them. They unite about 500 yards from their sources and form a nice creek. The 
springs are about 400 yards apart." 

Wheeler County.-^D. W. Davies, Mobeetie post office : " Springs on section 58, block 
A 5, owned by D. W. Vauhorn ; on section 40, block A 9, owned by Mark Husselby ; 
section — , Mock A 5, owned by W. W. Anderson ; section 6, J. Pointevent, surveys 
owned by J. R. Wright; on section 58, block A 4, Jenkin £. Jones, all of Mobeetie, 
Tex. The Vauhorn and Anderson springs are the most noted of those giv^n, being 
about 7 or 8 feet in diameter. Water pure and good. Appears to be boiling perpen- 
dicnlarly from the earth with slight deposits of white sand. Wet or dry seasons do 
not appear to afifect the volume of water." 

Mark Huselby, Mobeetie post office. — "There has been no artesian wells sunk or 
bored here. There is a well in Carson County 320 feet deep ; water raised 80 feet in 
well. There is strong evidence of artesian water hereabouts, as there are three large 
springs within radius of 10 miles of this place that will carry water 10 to 20 feet 
above the level." 

One spiing 6 miles north of Mobeetie raises water in a pipe 12 feet from sorfaoe. 
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Bretcsier County. — U. Van Sickle, Alpine, Tex. : ''No springs or subterranean water 
courses. " 

Jeff Davis County, — Four springs at Fort Davis are largely used for irngalion of 
gardens. In the vicinity of the town there is an abundance of water slightly alka- 
line, which can be had at a depth of 6 to 20 feet. Windmills are exteusive^ used and 
a large acreage in gardens is thus irrigated. 

Horn*sspring, on Boulder Peak, located by Captain Livermore, at an altitudeof 10,000 
feet. This spring is about 2,000 feet above any other point in the country for many 
miles. It waters about 1,500 head of cattle and is not known to vary in supply, thongh 
the creeks at the base of the mountain frequently dry out. This spring lies just 200 
feet below an isolated peak, forming the top of the mountain, and is on the southwest 
side of the same. This mountain lorms the watershed between the Rio Grande and 
the Pecos. On the west side are barrel springs and several others of minor capacity, 
which are permanent and are used for watering cattle. 

On the east side of the Davis Mountains are a great number of springs. Phantom 
Lake (described elsewhere as an underground river) would Irrigate 4,000 to 5,000 
acres, being a solid body of water running like a mill race, and having a diameter of 
6 by 10 feet. Victoria Springs, coming out 4 miles below to the east, are the same 
water and are used to irrigate between 3,000 and 4,000 acres. There area great num- 
ber of other but smaller springs in the same locality, which is on the north side of 
Davis range. None of the springs on this side of the range have been known to fail 
in their supply, while the springs on the southeast side often dry out. 

On the road from Toyah to Fort Davis, on the Clayton Ranch, ia a large spring suf- 
ficient for 20 acres. 

Six miles east of Phantom Lake, lying from 600 to 1,000 feet higher than the lalce, 
are seven large springs, and in the neighborhood at least one hundred more, which, 
thongh of small capacity, are all permanent. 

Beeves County, — Nine miles soutu from Toyah is a spring capable of irrigating from 
30 to 50 acres. Above information from interview with Pat Dolan of Fort Davis. 

El Paso County. — ^Above tlie point where the Quitman Mountain range is divided 
by the Rio Grande, about 30 miles south of Sierra Blanca Station and 200 yards from 
the river, are two hot springs known as Ojo Caliente. The larger hole has water of 
a high temperature, slightly mineral, throwing out much gas, and is found to he sev- 
eral hundred feet deep. The smaller spring is about 100 yards from the larger, has 
also mineral properties, and is not quite so hot. The wat«r is pleasant to drink. A 
rim 2 feet high has formed around each spring from matter held in solution. These 
springs are said to be more like wells, generally holding a uniform water line, bat 
are said to ebb and flow. In a caQon distant about one-half mile from the springs or 
wells is another hot spring which flows continuously. 

PeooB County, — ^Leon Spring is due west 9 miles from Fort Stockton. It is a hole 
about 60 feet in diameter, of unknown depth. Local tradition has it that 10 lariats 
of 40 feet each, tied together, with a heavy bowlder as a sinker, weru not long enonp^h 
to reach bottom. The overflow from this spring is enormous, and irrigates, it is said, 
about 3,000 acres. The stream issuing from it is lost in the soil. The water tastes 
slightly of gypsum. Monument Spring, Comanche Spring, Barilla Spring, form the 
heads of bold running streams that serve for purposes of irrigation, and are oaed for 
this purpose, and then lose themselves in the sand^ soils. 

Beeves County. — Nine miles northwest of Toyah is Petrikin Sprinpr, having a lam 
flow that could be used for irrigation, and 4 miles northwest of this is a strong sul- 
phur spring. The Petrikin Spring is about 200 feet higher than Toyah and covers an 
area of about 15 by 25 feet, flowing a stream 2 or 3 feet wide and 1 foot deep for one- 
half mile, where it empties into several lakes from one-half to 1 acre ih extent, and is 
finally lost in the soil. 

Pecos County. —Comanche Spring, near Fort Stockton, Is about 40 feet wide and 
carries about 10 feet of water. It flows 5 or 6 miles and is lost in the soil. Part of 
the water is used for irrigating. 

From Report of State Geologist, 1388, the following: 

*' Of the four springs on the eastern side of the mountains (Franklin) only Monday 
Springs, 13 milen from Rl Pano, contained water in sufficient quantity for camp par- 
poses ; another, 4 miles further north, is higher up in the mountains, and its water 
supply had dwimlled down to a few gallons in twenty-four hours. On the west, or 
river slope, I found a strong spring of clear cold water. 

''Eagle Springs, now a well 60 feet in depth, supplying 600 head of cattle with 
water. This spring is in the Ea.rle Mountains and nearly 4,900 feet above sea level. 

'* The Van Horn wells (Van Horn Mountains), on the old stage road from Fort 
Davis to El Paso, may easily provide water for about 1,200 head of cattle, but they 
are the only source of water in this county. These wells are 4,800 feet above se* 
'«vel. 



ABTEBIAN WELLS. 319 

'' There are no springs or water in any sbape.below Van Horn wells until the water 
holes below Chispa Station are reached, which may supply from 600 to 800 head of 
cattle, bat only under favorable circumstances. 

*' Went to camp at a water hole in the prairie 4 or 5 miles southeast of Chispa 
Station and about the same distance from the so-called rim rocks of the Chenati 
Mountains, or as this part of them is named, the Capote Mountains. There are a 
nnmber of water holes in the prairie which are frequently dry. 

'*Tbe spring at Viejo Pass will supply about 1,000 head of cattle. East, towards 
the Mnerto range of the Apache Mountains, a number of wells are dug at the foot of 
the mountains. They all supply from a moderate depth (30 to 40 feet) water for a 
limited number of cattle, but have nothing to spare for irrigation. 

''Near the foot of the Sawtooth Mountains, at an altitude of 6,070 feet above sea 
level, I found some good springs. 

" Fort Davis is located on the Limpia Creek, a little stream, the source of which is 
aboat 7 or 8 miles west of here. It supplies permanent water in such quantity that 
it can be nsed for irrigation of the valley and flat east of town. The soil of this flat 
is excellent farming land. The harvests raised on irrigated land along the Limpia 
•how what irrigation wonld do in the flats west and northeast of the fort." 



TABULATION OF WELLS REPORTED 



BETWEEN 



THE NINETY-SEVENTH MERIDIAN OF LONGITUDE WEST FROM 
GREENWICH AND THE FOOTHILLS OF THE ROCKY MOUN- 
TAINS ( BEING GENERALLY THE ONE HUNDRED 
AND FIFTH MERIDIAN). 
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Table III. — Natural apHngSf repwrUd hy the artesian welU inves1igatU>n in North Dnkoia, 
Weetem Nebraska, Kaneasy awi Indian Territory; eastern Colorado and New Mexico; 
TexaSj toeet qf the ninety^eeventh meridian, 

m 

NOBTH DAKOTA. 



Name of sprinic or 

owner, when 

known. 


Connty. 


Location. 


Flow per 
day. 


Bemarka. 


Sec. 


T. 


B. 




La Moore 








OaUont, 


200 flowing iiniiige oa 
James Birer. 




Tndl 












J^nTftmrj 










drought. 




Kidder 

....do ......... 


81 
82 
12 
12 
14 
35 
13 

18 
6 
6 
3 

35 
2 
27 
13 
16 
30 


189 
139 
140 
140 
140 
137 
153 

154 
156 
157 
157 
158 
130 
132 
146 
144 


"73 
78 
73 
73 
73 
74 
73 

78 
72 
71 
73 
73 
58 
56 
86 
86 
86 
85 
84 
84 




Sereral large poods. 








. a . • do ...•.••*. 








.••.do .•■•«.••. 








do 








....do -. 








Pierce 

. • • • do ......... 




Irrigated by springs, ICO 
acrea. 








•  . . do .•••....• 








....do ......... 








... do 








....do ......... 








Sareent 

... do 










• 




Hercer 

....do ......... 














.... do ......... 








.... do ......... 


20 { 144 
30 , 144 
30 145 








do 

... do 














Stark 








Larffo number of tuuSi 




Burleigh 










springs. 




Banaom 

....do ......... 


11 
29 


135 
135 


58 
57 




Three large lakes. 








Dickey 




N umber of springs in wwt 
of county. 




Logan 

....do ......... 


3 

10 

8 


133 
133 
133 


71 
71 
71 












...do ......... 








Rolette 




Of ponds, etc, 160l 
Several springs on Hapl« 

Biver. 
At Fort Bansom Sprisgs, 

200 feet above river. 




Oaee , 












Bansom 

....do 


26 

10 
16 

16 


136 

185 

160 

160 
149 


58 

58 
56 

56 
64 










Pembina 

.... do ......... 




A large number of ponds, 
etc 








Eddy 




Important springs slso. 











NEBRASKA. 



Mineral Si>Hnff . .. 


Antelope 

....do 

....do ......... 


28 
27 

2 
21 

4 


24 
25 

27 
28 
19 
19 
20 
20 
19 
18 
17 


6W. 

8W. 

7W. 

8 

55 W- 
54 W. 
55 
55 
55 
56 
53 


4,320,000 
6, 480. 000 
4,320,000 
4,320,000 


Altitude between 1,750 
^ and 1,900 feet above «es 




....do 


leveL 




Banner 

....do ......... 


. 








....do 






^ All good, strong springs. 




.. ..do 


' 21 
7 

14 
7 






....do 








,...do 




Only few small sprlngSi 




...do 


...... .... • . , 


W i 1 1 i a m 8 d a 1 e 


Boone 






Ranch. 
Point of Bock 


Box Butte 

....do 


1 
5 


24 

24 
27 
28 
30 
20 


40 

50 
47 
40 
20 
20 




• 


Spring. 

Barrel Spring 

Box Butte Sprinir.. 






. ...do 






Britton SDrinir 


....do . ....... 










Brown 


30 

1 






'* Seven Springs'*.. 


19,200 


Large nomber of sprisgi 
here^ 
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.Tablk III. — Naturat springBf reported bv the arteeian welU inveatigationf in North Dakota, 
tpeetem NehraeM, Kansas, and Indian Territory, etc,— Continued, 



NEBRASKA— Continiied. 



Nameof «priqgor 

owner, when 

known. 


County. 


• 

Location. 


Flow per 
day. 


1 

Remarks. 


Seo. 


T. 


R. 




Brown ........ 








CMhns. 


At Long Pine, seyeral fine 
springs. 




Cedar 


84 
16 

18* 

3.8 

1 
83 

2 

10.8 

29 

13 

28 

7 

23 
23 
25 

1 
35 


32 
8 
20 
17 
8 
15 
15 
16 
16 
16 
16 
15 
14 
14 
16 
16 
16 
17 
16 
19 
18 
20 
33 
32 
38 


IW. 
86 
51 
62 

7 
28 
28 
23 
24 
23 
24 
22 
21 
20 
36 
26 
26 
25 
36 
21 
17 
28 

46 W. 
49 W. 
44 W. 






Chaae 

Cheyenne.... 
....do ......... 




















Clay 

Caster 

... do ...... ... 




A namber of springs. 










... do 








... do ......... 








... fin ......... 

....do ........ 

. . . do 














... do 




• 




....do 

...do 

....do 




















....do .••••.... 








....do 






....do 








... do 


22 








....do ......... 








....do 


26 
39 








Dawes 

....do 










« 




... .do ......... 










Deael 






Creek supplied by springs. 


Loftt Creek head- 


...do 


27 

14 
32 
9 
26 
20 
32 
27 
1.2 

86 

81 

29 

8 

8 

2 

4 

30 

22 

85 

9 

22 

14 

21 

16 

28 

19 

14 

6 

28 

26 

5 

25 

KR. 30 

NW.29 

SE. 29 

82 

4 

5 
6 

^1 

28 


18 

19 
19 
18 
18 
14 

2 

4K. 

6 N. 

4 

2 

1 
12 
12 
12 
12 
22 
22 
28 

8 

2 

2 

8 

1 

1 

1 
10 
43 

6 

5 

5 

5 
30 
30 
80 
30 
20 

20 
20 
20 
20 
21 


44 

44 

48 

48 

42 

41 

16 

25 W. 

22 

23 
24 
35 
40 
40 
40 
40 
20 

2W, 

5W. 

5W 

8W. 

5W. 

7W. 

6W. 

8 

8 
36 




ine. 


■...do ......... 












- 


....do ......... 








• . • .do .....a... 






XT.P.B.B.tanke.. 


...do 








. . ..do ......... 

Franklin 

Fames 

...do 


2,700 


Well supplied with springs. 
Very fine spring. 
Yeryilne spring with strong 
flow. 


JohnlCinning... 








....do 












.... do ......... 








....do ......... 








Keith 








....do ......... 




A npring of water of fine 
> qualitv, snpplies 40 fami- 
j lies ; above Platte 150 feet. 


. 


....do ......... 






....do 






Loap 








Madison 

....do 










' 




KaokoUs 

.... do ......... 














....do .a....... 








a . . • do ......... 








.... do ......... 








.... do •..«.•■.. 








....do 








Perkins 

Chase 






Frenobman River 








Phelps 

....do a. ....... 


20 
20 
20 
21 
17 
17 
17 
17 
55 

55 
65 
66 
56 
56 




Spring Creek fed by springs. 








....do ....■.■•. 








Rock 














....do 








.... do ......... 








....do ......... 

Scott's Blaff.. 

.••.do ... ...... 
















A great many strong sprin gs 
rise in the "Hills." How 




....do ......... 

....do ...••..•• 

....do ........a 




^ from 1 to 3 miles out of 
1 the valley, then sink an- 
1 der ground. Several 
i springs. 




....aO ...a...aa 





364 



ABTESIAN WELLS. 



Tablb llh-^yaiural $pring$, reported hy the arteeiun welU invtetigation in Korth Dakota^ 
western Nebraska^ KaneaSf and Indian Territory, etc. — Cootinaeti. 

ITEBBASKA— Oontinaed. 



Name of tprinR or 

owner, when 

known. 



Hay Springs. 

Do.". 

Do 

Do 

Do 



Coanty. 



Sewazd.. 
— do .... 
.... do . . . . 
....do .... 

do .... 

. . ..do •••■ 
....do .... 
....do ... . 
— do — 

Sheridan. 
....do . ... 
....do .... 

do .... 

....do.... 
...do.... 

do .... 

....do.... 
....do.... 



W. T. Route. 



G. G. Shigley. 



J. T. Lewis 

Don. F. Lyman... 

W. J. Workman 

W. R. Daggett . . , 
Y.E. Beck 



W. J. Cameron 



J. B. Carry. 



Do... 
LN.Hall 



Poatmaster at Ne«- 

catimca. 
Postmaster at Hope 

Poiitra aster at Man- 
cbt*»ter. 



Do. 



Robert HcMiUen, sr 



I. L. Peck 

H.H.Trazen 

G.(t. Moshor 

M.C.Cline 

Sherman Dotson. 
S C.Wheeler.... 

H.L Hicks 

J. B. Rowe 

J. W. HcCIellan . 



Barber. 



.do 



Barton.... 

Cheyenne. 



Clark 



....do . .... 
Comanche 



.do 



do 



...do.. 
Cowley 



Comanche 
Dickinson 
...do 



.do 



...do 



Decatnr 
Cloud... 
...do... 
...do... 
...do... 
.. do... 
Cowley . 
— do ... 
do ... 



Location. 


Seo. 


T. 


B. 


2 


9 


1 B. 


17 


9 


2 E. 


20 


9 


2 K 


18 


9 


1 B. 


25 


10 


8 B. 


21 


10 


4 


12 


9 


8 


2 


9 


3 


29 


9 


4 


22 


80 


48 


15 


80 


43 


23 


30 


43 


23 


30 


43 


8 


81 


46 


85 


32 


47 


80 


31 


40 


28 


31 


46 


22 


81 


40 



Flow 
day 



OaUom, 



KANSAS. 



18 



4 
13 



25 



617 



12 
85 
24 
12 

2 
17 
24 

1 
12 



19 



83 
84 



82 



11 



11 



13 

5 

7 



7 

7 

5 

81 

33 

32 



12 



16 
18 



18 



29 
2 

6 
5 

4 
4 

7 
7 
7 



4,466 



Bcmarks. 



Namerona springs. 
Fine apiing. 



BCany springs In this Ticin- 
ity. 



There are many small 
springs in this connty 
that feed small streams. 

The country is full of nmtll 
springs. They are foairf 
on nearly erery creek. 

Strongly impregnated vitb 
salt 

Thirteen miles abore St. 
Francis; strong flov, 
many springs in vicinity ; 
sheet wate^, 200 feet 

Many strong, neyer-failioK 
springs are the origin of 
ail the streams ; water M 
to 300 feet below sar£ic«. 

A few nsturai springs in 
Engiewood. 

There are nnmeroosspriDpt 
flowing to the sortaoe a 
this county. 

There is a good, large sprioi 
at BvansTiUe; havefaesrd 
of others. 

A huge old spring; nsder 
flow. 

A good aise spring. 

In Sheridan Township, i> 
this coonty, there v« 
many fine small sptingi- 

A strong flow. 

Some small aprings in the 

town. 
Tery large spring; 40 feet 

from the head si^Z " 

Mud Creek. 
The two atrongest uprinc* 

of Badger Creek in CUy 

County. 
Sufficient power (if properly 

utilised) to run a mill* 



mtrww* 
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TABiAtlll,'^yaiural$pring9 reported by thearleeian wells inveaiigation in yorth Dakota^ 
« we$Um Hebraaka, Kaneae, and Indian Territory, etc, — Contiuaed. 

KANSAS— Continaed. 



Name of spring or 

owner, when 

known. 



W.a. Miller 

P«rkra Drake 

Pohn McKennan . . 
Frank Kimball... 

C.G. Bo«worth 

Edward Kennedy.. 

Lewis Barr 

William Kennedy. 
Frank Diinmiok.. 
KS. Sutton 



J. R. Tancleare — 



J.W.Moant.I 

Herbert Brooks 

KTSroith 

S. M. Weston 

J. K. Yanoleare — 
CiSchwaller 



D.N. Beeston... 

Ed. Skinner 

Bobert Putnam. 
H. aClark.... 
£.M.WaUer.... 



D H.Howard.... 
Th<K». Sternberg 

Z. Jackson 

E.Becker 

6. R. Rathbone . 



J. M. Jural. 
L.J.6ilson 



D J.Hanna 

Ja8.Noonish 

W.F.Hoyt 

B.E.Mnelling 

J.M. Baker 

Do 



StepbenCarr 

Jas. W. Dinamore. 



J.B.Ennia. 



RH.Eearl 

K.W.Paee 

Sam.W.Mere«r. 
P.W.Nudd 



JCCIoae. 
C.M.DaTia 



E.H. Means 



MnSims ... 
Wm. Beatley 



KS.Ste«le..., 
Andor EUaaon 



County. 



Decatur 
...do... 
...do... 
...do... 
. . do . . . 
...do ... 
...do... 
...do... 
...do... 
do ... 



do 



...do... 

Rawlins 

Thomas 

Decatur 

...do... 

Ellis.... 



Ellsworth. 

...do 

....do 

...do 

...do 



.do 
.do 
.do 
.do 



Ford.... 
Garfield 



Graham . 
...do.... 
...do.... 

...do 

Kinjrman 
...do.... 



Barber. 
...do.. 



Logan 



.do 
.do 
do 
.do 



.do 
.do 



Meade 



.do 
.do 

.do 
.do 



Location. 



Seo. 



21 
8 

83 
82 
33 
16 
81 
15 
10 



20 



80 
14 
17 
20 
10,20 
26 

24 
26 
20 
16 
10 

88 
12 
27 
21 



83 



24 

16 

32 

6 

8 

8 

86 

11 



28 



24 



24 
28 



8 



T. 



5 
5 
S 
1 
1 
1 
1 
1 
1 



4 
4 
6 
4 
4 
12 

17 
17 
17 
17 
18 

15 
16 
16 
16 



27 



9 
7 

8 
80 
80 

82 
82 



14 
14 
18 



12 
12 



80 
80 

82 
81 



R. 



29 
29 
29 
30 
2 
29 
29 
29 
20 



30 



30 
81 
32 
30 
80 
16 

8 
8 
7 
8 
7 

7 
8 
8 
7 



21 
21 
21 
22 
10 
10 

15 
15 



32 
32 



36 
35 



26 

26 

28 

27 



Flow per 
day. 



OaUoru. 



Remarks. 



SprinjTs of good volnme, in* 
dicatinc a ^ood supply of 
subterranean water. 



Springs are in water draws 
or near the banks of run- 
ning streams. 

Two miles northwest of Bos* 
settville; quite a lunuber 
of permanent spring.** are 
on the creek bottom. 

Four strong spnngA; two 
fish ponds are supplied by 
one spring ; soft water. 



There are ten strong springs. 
A small spring; water 
scarce. 

There are several other 
springs in this vicinity. 

These springs are never 
fiiiliDg, ana give a good 
sapply of water ; the most 
of them come out of side 
hills, and the water can 
be carried long distances; 
there are maaiy springs in 
the county. 

There are springs and pools 
too numerous to mention. 



Large spring. 

These springs have a large 
volnme, each flows a 
stream 6 or 6 inches in 
diameter. 

A few springs in this coun- 
ty whioh might be used 
to irrigate. 



Used for irrigation. 

Water is found here at 70 
feet to 140 feet on high 
land, and ocoasionaUy a 
spring on low land ; good 
in Quantity and of &ir 
quality. 

8 miles east of West Plains 
a large spring. 

Many other springs on 
Crooked Creek, which Is 
supplied by springs. 

Spring Creek has one of the 
largest springs in the 
Bute. 
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ABTE8IAN WELLS. 



Table III. — Natural springs^ reported hy the artetian toelU invetUgation in Kor^ Dakota^ 
weetem Nebraska. Kaneaa. and Indian Territorff, 6to.--Contmaed. i 

KANSAS-Oootinnad. 



liTaino of ipring or 

owD«r, when 

known. 


County. 


Looation. 


How per 
day. 


Remarks. 


Sea 


T. 


B. 


J. Worth 


Hesde 

do ......... 


7 
28 
16 
16 

26 
25 
28 
li 
17 

19 
19 
83 
21 
82 
28 
23 
80 
29 
19 
22 
19 

4 
12 
82 

2 


31 
30 

9 

9 

6 

6 
16 
22 
22 

12 

12 

11 

13 

U 

12 

12 * 

12 

13 

15 

13 

15 

15 

14 

10 

10 


27 

27 

8 

8 

10 
10 
32 
28 
27 

6 

6 

5 

8 

5 

8 

8 

8 

8 

29 

30 

28 

31 

28 

26 

28 


QdOont. 


Intermitting spring. 


TT. Ta. Iff nmnniii 




H. C. Chose 


....do ..... 






Great Spirit's 
Spring Co, 

Great Soirit....... 


HitcheU 




The water is salt 200 fret 




down; below the asli 
water is fresh in stndroek 
MineraL 


J. Piper 

Mary E. Anderson. 
R W.Nolen 


Ness 








A snbterraneaa river. 


Garaold 




Very stronjc. 


H. C. Winter. ...... 




Subterranean, ooBBlogtotbt 
surface as a pool 


Seven Springs 

McGee 


Geary 

....do ......... 








Big Spring 


do 






E. K. F. Moroan 


....do 






C.B.Gill 


do 






W.E. Lonnb 








Wm.BeutleT 


 •  # QO ••■•••• •• 






dT ..::.:::::: 


•«s«uO •••••«■«• 






Chaa.Marpliy 

John Curdry 

John Wolf. 


...do 






G0V6 ......... 






do 






James Hamilton... 


.... do ..a...... 






J.M. Sears 


....do ......... 






G.C.R. Pierce 








O. J, Wauzer . ...... 


... .do ......... 






W. G. Mclntlre .... 


Sheridan 

Gove 






J. E. Matthews .... 




There are numerous ipringi 


G. G. Stambs 


.... do ......... 


4 

10 
22 
34 
18 
36 
8 
23 
10 


15 

15 

10 

8 

9 

8 

9 

8 

21 


81 
31 
28 
25 
24 
25 
26 
23 
35 




in the county. 


Ohas. 0. Owen 


....do ......... 






H. C.Williams 


....do 




Very large spring. 


John Keith 


Graham 

. . do ......... 




Abundance of water. 


Charles Baker 






Kobert Richmond. . 


....do ....••... 




Fine spring. 


Henry Palmer 


.... do ......... 




Sam'IKitoheU 


. . . do ......... 






Kenyon ............ 


Hodgeman .... 
Ness 






Yinirlinff 




There are some springs on 

the streams. 
Some springs ahmg the 

creeks. 
Our stxeams are fed bj 


•^*"6"**a* ••••■■■"•• 
H.Stahl 


Morton . ...... 










Newton Hill 












Robert A. Kinsr. . . . 


.•••do •..••-••• 










springs in oountleB west 
A few springs on north bsok 


G. Sw VanirandT .... 


... .uO . ........ 


27 

17 

16 


88 
83 

83 
88 

9 


41 
41 

42 

41 

22 




of Cimmaron River. Tbii 
Is dry part of time. 

Numerous springs. 

Never dry. 


J". C. ICilbonme .... 


....do 




j.W.Beattv 


....do ......... 




( A large spring. Htre a 

1 buflalo park baain fiael; 

< situated for IrrigatinK. 
with ponds or lakes fur 
holding supplies. 

Chain of fresh- water lakes. 


T.M. Walker 


Osborne 

....do 




W. M. WUliams .... 






William Rosepant . 
Henrv Coolev ... 


.... do ......... 












. . do ..._....- 












S. B.Farweir 


.... do ..*••.... 


22 

22 
22 

5 

3 

11 


6 

9 
9 

8 
8 
8 


12 

15 
12 

14 
14 
14 




Plenty of water in the Sol- 


S. E.White 


....do ......... 




omon River. Few spring* 
in the county. 


IjAvi Gness ........ 


... .aO ......... 






H. J. Brenner ...... 


....do ...•••... 




f These three springe ere 
probably ft«m the »«b« 
source, the first bfiuf 
near the head, the otli«rt 
nearer the montli of e 
draw ftimish ing mosins 
water during the tnii^ 
year In a wet seasoo, »°^ 
standing water cos* 

i stantly. 


J- A Fritsche 


....do ......... 




D« A. Sn vder . ... ... 


.... do ......... 
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TABixlU.—yatural springs, reported hy the artesian welU investigation in North Dakota, 
western Nebraska, KansM, and Indian Territory, eto. — Continaed. 



KANSAS— Continued. 



Name of spring or 

owBer, when 

known. 


Connty. 


Location. 


Flow per 
day. 




Sec. 


T. 


B. 


Kemarks. 


J. A If elflon ....... 


Pawnee 

... do 


1 

6 

6 

13 

18 

9 

10 

9,10 


22 
30 

6 
6 
6 

4 


18 
17 
17 
20 
20 
20 
20 
20 


OaUom. 




ThoDUM Teast .. . .. 






T J.Willlftnumi ,. 


... do 






J.C.RaDdle 


Phillips 

...,do ••.. 




1 « 
Snfflcient water for drink* 
> ing and stock ; not euoagh 
for irrigation. 


William Lappea . . . 
ThonuM Dye....... 




....do ......... 




WilliMn Orabaa .. 


... .do a........ 




H.J.Setchell 


.... do ••....... 




W.L. Porter 


...•do ......... 




Sprines abound along the 
smiul streams, which are 
nnmerons. 




Grant 


29 
83 
6 
6 
18 
17 
36 
36 
12 
84 
34 
33 


27 
27 
28 
29 
39 
29 
29 
80 
29 
29 
18 
18 
18 
18 
19 
17 
17 

16 
20 
18 

22 
82 
82 
82 
83 
22 
22 
22 
22 
22 
28 
23 
23 
23 
23 
28 
22 
22 
21 
24 
24 
24 
24 
24 
26 
30 
30 
30 
30 
27 
29 
30 
30 
30 
30 
30 
80 
80 

ao 

29 
29 
80 
30 


28 
38 
89 
37 
36 
36 
36 
38 
38 
36 
42 
42 
42 
42 
41 
42 
42 

39 
42 
40 

42 

6 • 
8 

8 

7 

2B. 

2E. 

2E. 

2E. 

2E. 
31 
21 
22 
26 

26 ' 
26 
26 
24 
24 
36 
84 
36 
35 
86 
37 

8W. 

low. 

8W. 

7 W. 

low. 

10 
10 
10 
10 

8 

8 

8 

9 

8 
16 
16 
18 






....do 








....do ...... ... 




• 


Heary Spring 


Grant 




Second largest in county . 


....do 






... .do ......... 








....do 






Wagon Bed 






Strongest spring in coonty. 




....do 






... .do ......... 








Greeley 

. ...do ......... 














....do 








....do 










....do 


6 
86 
26 

2 




• 


Barrel Spring 

Wild Horse Corral. 


....do 






....do 






BeaTer Creek. ..... 


. ...do ......... 




1 There are several inez* 




....do 




I haastible springs in this 




....do 


28 

8 

11 

13 

81 

6 

29 

32 

19 

8 

4 

16 

29 

1 

9 

4 

1 

26 
6 




] county wiiich only rise 




Hamilton 

Harper 

....do ......... 




I to the surface. 

A great many springs here. 






Crvstal Sorinss. . . . 








....do ......... 








....do 








Harrey 

....do 






Two Springs ...... 




These springs are all small 
ones, DQt famish a good' 
supply of water. 


Do 


....do 






....do 






....do ......... 






Hodgeman — 
....do 






Weak Spring 






]>o.... 


,...do 








....do ......... 

....do ......... 














....do 

....do ......... 














....do ......... 








....do 








Kearney 

...do... 


17 
10 
20 
16 
17 
13 
16 














....do 








....do 

....do ......... 














....do ......... 








Kingman 

....do ......... 




There are fifty such springs 
in the immediate vicinity ; 
all have pure, soft water, 
flowing stream l^om 8 in. 

tn 1 ft. in riiiLmntAr. 








....do ......... 








• •a. do •...■•... 








....do .••...... 








....do ......... 


32 
8 

4 
2 








do 








.... do ......... 


6.760 






....do 






....do ......... 


\ThfiT« ArA InnnnriArftlilA 




....do .•....••. 


14 
16 


to ,> springs in this vicinity. 
720,000 ;) Flow varies ao given. 




....do ......... 




....do 




do 






Spring Craek 


Kiowa 






7 There are several large 

( ftnrlnff* In thfa vininltv. 




...do 




1 




....do ......... 


12 
26 


I............ J ..^.-— g.. — «_-w ■„_..^. 

1 1 




....do 


18 




About 100 springs in this 
Tioinity forming creeks. 
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Tablb III.— NiUural springs, reported hy ike artesian weUs investigation in North DakoiOt 
western Nebraska^ Kansas, and Indian Territory, e^c— Continued. 

KAlkSAS— Oontinaed. ' 



Name of (spring or 

owner* when 

known. 


Connty. 


Location. 


Flow per 
day. 


RtmukB, 


Sec. 


T. 


B. 




Kiowa 

....do ......... 


80 
16 
16 
17 
16,17 
17 
17 
19 
20 
2 
26 
22 
14 
23 
23 
20 
31 
10 
8 


80 
80 
29 
16 
16 
16 
16 
16 
16 
11 
10 
JO 
10 
10 
10 
12 
12 
12 
12 
33 
15 S. 

15 S. 

16 S. 

15 S. 

16 S. 

11 
10 
11 
11 
14 
14 
13 
12 
11 
14 
18 
15 
16 
1 

16 
16 
14 
14 
14 

14 
15 
16 
16 
16 
16 
17 
16 
10 
18 
17 
16 
27 

8 

8 

2 
22 

6 
27 
27 

13 S. 
ISS. 
13 S. 
12 S. 


19 

20 

16 

29 

80 

29 

29 

29 

29 

8 

8 

8 

8 

6 

6 

9 

9 


QaUoTis, 












....do 








Lame 




Fine sprini;. 


Salt Creek 


....do 






....do 




Cheyenne Ri verlsheadedbT 
abore springs; good toi- 
) ume of water. Plenty of 
water year lonnd. 




....do 






....do 






...,do 






Lincoln 

....do 










....do 

....do 












....do : 








... do 








do 






Mineral Spring . . . 
Sub Creek 


...,do 






....do 


10 
10 
28 or 20 








....do 








Meade 








Rnsh 


31 
25 
2 
33 
27 

2 

16 

8 
12 
19 
17 
14 
. 4 
18 

5 
18 

2 
14 

2 
12 
34 
85 
27 
19 

6 
3 
1 

12 
13 
24 
19 


15 W. 

16 W. 
16 W. 
16 W. 
16 W. 

14 W. 

14 

13 

14 

12 W. 

12 W. 

12 W. 

15 

16 

16 

15 

2 W. 

2 W. 




Strong, flowing spring. 
Do. 




do 






....do 




A small spring. 
Strong, flowing spring. 
Abandaaoe of water at nx- 




....do 






....do 




• 


RoBsell 

.... do ......... 


1,666 
1,660 
1,666 
1,666 


face. 




....do 


> All soft water. 




....do 






....do 


^ 




....do 








....do 


 ........... 






.. do 

do 














...do 

...do 












Saline 

....do 




Heavy flow. 

Two springe, good flow. 








....do 


2W 
2 W. 






do 




Do. 




....do 


2 W. 
4W. 
4W. 

4 

4 

4 
83 
83 
33 
83 
81 
81 
81 
81 
31 
83 

2E. 

28 

42 W. 
13 
11 
31 
89 
39 

23 W. 
23 W. 
23 W. 
22 W. 




Good flow. 




....do 








....do 








....do 




Strong flow soft water com- 
ing ft-om sand rock ; di»> 
appears after numings 
few rods. 




....do 






^.. do 








Soott 








....do 








. ...do ... ,-..-. 








....do 








....do 








....do 








....do 










....do 










....do 




» 




IngersoU Spring... 


....do 


18 
XE.iof 
NE.i36 

14 

28 
19 

8 
12 
32 

30 
12 
28 
11 
21 






....do 


- 


Spring 5 feet In dlametert 
gives water to mn a mill 

here. 




Sheridan 

Sherman 

Smith 












Flowing. 




Staflfbrd....... 

Sheridan 

Stanton 

....do 
























Tresro 








....do .....a... 








....do 








....do 
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Tabls III. — Natural springs, reported hy the artesian wells investigation in Not th Dakota ji 
western Nelyrasia, Kansas^ and Indian Territory, e<o.--Coutinaed. 

KANSAS— Contlnaed. 



ITtune of spring or 

owner, when 

known. 


County. 


Location. 


Flow per 
day. 


JEtemark& 

* 


Sec. 


T. 


R. 




Treeo 


• 

18 
14 
82 
22 
86 

4 
29 
20 
33 

2 
82 


18 S. 

11 

18 

18 

14 

80 S. 

30 6. 

30 

29 

30 

12 

12 

14 

11 

13 

14 

15 

18 

17 

16 


24 W. 

22 

26 

21 

21 

26 W. 

26 W. 

26 

26 

27 

40 

41 

39 

39 

39 

39 

38 

40 

40 

39 


Gallons. 






■*■ * ^ ......... 

....do 




Strong, flowing spring. 
Do. 














Do. 




Trego 




Very strong flowing spring. 




Meade 












....do ......... 








....do ......... 








....do 






Shanm Spring 

Farm Spring 


Wallace 

....do 




1 There are nnmerons 




springs in Wallace 

Gonnty, famishing 

> large qnantlties of 

water, which could be 




....do 


20 

11 
30 
17 

4 

29 
10 

8 






do 






....do 


...... .....f 




....do 




utilized for purposes of 
« IrriiEation. 




....do 




Greeley 

...do ......... 














....do ......... 






Thomas Wilson .... 


Phillips 




There are numerous places 


D. 6. Hoover 


> 


• 








where water oozing ftom 

the ground stands in 

pools. 
There are many springs. 

some flowing from bluffs 

far abovo the level. 
There are many springs; 

not sufiicieui for irriga* 

tiou. 
Mauv springH: not snffl* 


WiUlamG.MiUs... 


....do 










Thomas Dye 

E. LKing 


...do ......... 










....do ......... 










cient for irrigation. 
Many springs about the 
cref'ks and rirers. 
Do. 


A.W.Crippen 


• • • • do «•••••••• 










M.Weed:.. 


,..do 










Many springs where a few 


FraoV Stockman. . . 


....do 


13 
12 
23 

29,30 
31 


6 
6 
5 

6 
5 


18 
18 
18 

17 
17 




years ago there were no 
signs of water. 


J. T. Herring 


...do ......... 






C. C.McManns 


....do ......... 






Ephraim Kincald.. 


....do 




( These springs are never- 


D.A.Daff 


....do 




< failing. They form quite 


J. Barnes 


....do ......... 




( a large stream. 

Plenty of never-failing 
springs In every town- 
snip in this county. 

Many springs; under* 
ground flow, 6 to 12 feet; 
an inexhaustible supply. 

Two very largo sprinir«: 


B. Barney 


. ...do ....a.... 


27 
5, 8 


8 
8 

> «  • • ^- • 


16 

34 




B. J. Stephenson . . 


Hawlins 

....do ......... 




^•B. Tobias 




soft water. 
On my farm several snrinfirs 


Darld Seltzer 


Reno ...... ... 


10 
10 
21 


12 

26 

2 


10 

10 

3 




come out of side hill 25 
feet above bottom land. 


J. B. Thatcher 

A. B. Graves ...... 


. do 

Republic 

Rice 


Two large springs good, soft 
water ; others smaller on 
the sides of creeks. 

A few springs on the Little 


CConkling 




Postmaster at 


Rooks 










Arkansas. 

A few springs along Medi- 
cine Creek. 

Many small springs in this 
vicinity. 

No important sprini^. but 
sheet water in abundance 
at 20 to 40 feet 


^ Woodston. 

8. H. Baldwin 


....do ......... 










KatMulUn 


....do ..•••.... 























S. Ex. 22 2^ 
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Table III. — Nalural apHtigBf reported by the artesian wells investigation in North Dakota, 
tees tern Nebraska, Kansasy and Indian Territory, eto.— Continaed. 



INDIAN TEBRITORT. 



Name of spring or 

owner, when 

known. 


County. 


lA>cation. 


Ilow per 
daj. 


Remarks. 


Sea 


T. 


R. 

24 
24 




Pnblic Land 
Strip. 

• • • • uO •••••••■• 


18 
13 


2 
2 


• 

Odllons. 








• 











COLORADO. 



E. Bartel*« 

Bniah Cattle Co.'s 



John Delay's 

Peyton 

Falen Creek . 
Jania 



Crystal.... 
Bnffiftlo .... 
Big Spring. 



Box. 



ICnlvane. 

Butte (3). 
Willow.. 
Tattle... 



Eureka 
Shields 



Bofklow 

James F. Bresley 

Campbell 

Spring Cafion... 



Fleming 

M.8heldon*s 

Iron 

Red Creek Spring . 
J. S. Edraonason . . 
Frank Pierson . . 
Haden Sc Dickenson 

State Spring 

Duckwartt 

Battle Ground 

Nelson Po well 

Beulah 

Dack 

Lusto A Duck 

On Governmeut 

land. 
Buffalo 



Taylor's 

Pftyton 

Rock Spring... 

Antflnpe 

Robinson 

Big Spring .... 

Gt'anbell 

Tewln 

Mustang 

Cariso Springs 

Pony Cabler... 



Surface. 



Cheyenne. 
PhiUipa... 



....do 

Logan 

....do 

...do 

Kit Carson... 

....do 

....do 

....do 

do 

Government 

land. 
Kit Carson ... 

Prowers 

....do 

...do 

Arapahoe 

....do 

....do 

...do 

— do 

....do 

...do 

— do 



Weld 

Pueblo 

. ...do ..... . 

...do 

...do 

...do 

— do 

do 

...do 

...do 

Logan 

Kit Carson 

Pueblo 

Arapahoe. . 

do 

, ...do 



...do 

Washington 
Arapahoe... 

Weld 

Washington 

...do 

...do ....... 

Elbert 

Arapahoe... 
Las Animas 

...do 

Baca 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do ....... 

...do ....... 



20 
14 

14 
29 
29 
32 
18 
7 
81 



T 



83 
6 



29 



4 
13 
24 

8 

25 
26,27 
34 
34 
26 



32.33 
1, 6, 12, 24 
22 

5 
81 
34 
24 
86 
21 

1 
83 

3 
22 

8 

1 

34,35 

25 

19 

13 

25 

9 

14 

20 

7 

2 



16 
83 

6 

82 
20 
25 
80 

4 



15 

7N. 

6N. 
7N. 
7N. 
7N. 
6S. 
8S. 
78. 
12 S. 
78. 
9S. 



278. 

25 8. 
25 8. 

6 8. 

3S. 

4S. 

3 8. 

3 8. 

4 8. 
4S. 

10 



UN. 

20 

18 

22 

22 

24 

24 

24 

24 

24 

5 

7 
23 

5 8. 

6 8. 
3 • 



S. 



2 8. 
7N. 
3N. 
IN. 
2N. 
8 

4a 

30 
80 



26 
32 
28 
28 
28 
28 
81 
32 
83 



47 
46 W. 

44 W. 
48 W. 

48 W. 
50 W. 
46 W. 
SOW. 
SOW. 

49 W. 

50 W. 
48 



47 

42 

47 
46 
45 
45 
45 
45 
49 
49 
69 



W. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 



62 
62 
65 
67 
68 
67 
67 
67 
68 
66 
52 
50 
68 
51 
55 
54 



W. 



W. 
W. 



62 W. 



63 W. 

50 

53 W. 

52 

52 

63 

63 W. 

50 

51 



43 W. 

50 

48 

48 

48 

48 

44 

43 

44 






{ 



72,000 
72,000 



21,600 
144,000 



28.800 
28,800 



72,000 



43.200 
43,200 



288,000 



Constant flow. 
These spriugs hare a imall 
flow. 



Small flow. 



Large flow. 

Small flow. 

Do. 
Large flow. 

Do. 

Do. 

Do. 

Do. 



Nine springs on sectian. 



A good volume of water 
all the year, feeding 
Butte Cfr 
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Tablb III. — Natural springs, reported by the arteHan wells investigationin North Dakota, 
western Ntbraska, Kansas, and Indian Territory, eto, — Continued. 







COLO& ADO— Continued. 




Name of spring or 

owner, when 

known. 


County. 


Location. 


Flow per 
day. 


Bemarks. 


Sec. 


T. 


R. 




Cheyenne.... 
... .do . ••■■.... 




14 
12 


47 
48 


Oallont. 


? Supply inexhaustible. 






RhAri^An Ta^a .... 


Kiowa 








ClArk Sorinff . ...... 


....do 


' 30 

6,18 

4 

3,10 

20 

1 


19 
19 
18 
20 
17 
19 


63 
54 . 

53 
53 
45 
46 




• 

• 


8And .A^rravA ....••. 


....do 






aill«r 


•*«.dO .....a... 






Arlington Springs 


....do ••..•••.. 






Arspahoe 

Kluwa 

Kit Carson.... 




















• . . . do ..... ... 














....do •.••••••. 


15 

29 

2 


8 

8 

8N. 
UN. 
UN. 
ION. 
UN. 
24 
24 
25 

6 

5 
' IS. 

IS. 

IN. 

IN. 

1 

2 

2 
16 
21 
21 
22 
22 
21 
21 
21 
21 
21 
26 

26 
26 

S® 
26 

28 

6 

6 

6 

6 
15 
13 
U 
12 


49 

49 

62 W. 

52 W. 

56 W. 

69 W. 

50W. 

55 

65 

45 

52 W. 

51 

43 

44 






 


....do 








Logan 

Arapahoe 

....do ......... 




« 












>Many with good flow. 




....do 


15 

84 

8 

NR127 

NW.i4 






.... do ....••... 




1 


T^a TniitA ..... 1 . . . , 


Otero 








....do 








Prowers 

Washinkton .. 














... do 










Arapahoe 

.... do ......... 


2 
2 

30 
1 

18 

10 
3 
2 

10 














Tuma 




? Republican Biver is tsd 
S b J springs. 




....do ......... 


45 
26 

25 
25 
21 
16 
12 
18 
17 
15 
15 
16 
16 
16 
13 

13 
13 
13 
13 
8 
13 
13 
13 
13 
40 
38 
38 
40 






fnmas 

... do 












do 








Garfield 

... do 


• *■■•• •••••• 












.... do ....a.. .. 








....do ......... 


34 
82 
33 
20 
13 
11 
10 
22 

20 

13 

19 

15 

25 

6 

17 

2 

8 

9 

34 

22 

12 








....do ......... 






Willow Bnrlnffs -r,- 


....do 






jjo 


....do 






I>o 


....do 








.... do . ••••.. s. 








... do 








Holt 




A number of large flowing 
springs. 




.... do ......... 


• 




....do 








....do 








....do 








....do 








Kearney 

....do 












* 


... do ......... 








...do 








Keith 

....do 






 








....do 








....do ......••• 



















NEW MEXICO. 






Lea Cattle Co. v.. 
North Snrine* 


Lincoln 

.... do ... ...... 


36 


10 S. 
10 S. 

10 s. 

20 


23 B. 

24 E. 

25 E. 
11 £. 


>518,400,000 

72,000 

14,400 

480,000 


(A great spring; forms a 
I stream 50 feet wide. 


South SorinE * 


....do 




Hudson Hot 

Chora 


Grant 


20 




Memphis Mineral . . 
Chorro Jet. 


Dofia Afia . . . 








* 










Person...... ....... 




34 
30 
32 
16 
27 
24 


24 
24 
24 
24 
24 
24 


67 
67 
67 
68 
67 
67 






















Beckwith 






Heiklin 

















* These springs form a large and permanent supply for the Rio Pecos. They immediately serre the 
canal system in that valley withfn New Mexico, by which 60,000 aorea of lana are already recMmed. 
The aenrioe is equal to 300,000 acres. 
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Table III. — Natural springs, reported hy the artesian, wells investigation in Nb^th DaJeota, 
western Xebraskkf Kansas, and Indian Territory, eto.~-CoDtinued. 



TEXAS. 



Name of spring or 

owner, wb^n 

known. 


County. 


Location. 


Flow per 
day. 


Remarks. 


Sec. 


1 

1 ^• 


R. 




Donley 

... .00^. .•«■•*.. 
.... do ......... 


83 


-RWr r. « 




OalUms. 


1 




13 |Blk.C,6 
09 BIk.C.6 






J'From 100 to 160 large spring* 




. ...do ......... 


13 
284 

848 
90 


Bik.C,3 
Bik. 43 

Blk. 4:] 
Blk. 43 


1 


Hotuton And Texas 


Lipscomb 

....do 






Strong, permanent spring. 


Central Ewy.Co. 








.... do • . ...•••• 










Midland 






25 miles north of Midland. 




.... do ....••«•• 










18 miles south of Midbind. 




Wheeler 

• «.»dO . a. ...... 


68 
40 


Blk.A.S 
Blk.A.9 


















....do ......... 


Blk. A, 5 









. ...do . .. ...... 


6 

66. 

8 








J.Poitevent survey. 


Texaa and Pacifio 


Jeff Davis.... 
....do ......... 


Blk. 2 
Blk. 1 






Rwy. WblL 










....do 






A, S. Lewis surrey. 




....do 


22 










Bnndera ...... 








Survey Xo. 67. 

2 miles north of Ran Aiit<w 




Bexar. ........ 












> •  • do •••.••... 










nin. 
1 mtlAnortbweetof San An- 


Springs of Lampas- 
as. 


Lampasas 










tUQIO. 

On Sulphur Fork. 

A remarkable spring. The 
opening is 8 feet in diam> 
eier ; wat er 1 foot from wo- 
face ; supply not affected 
by droughtsor rains. One 
mile from Rosston. 

Strong, permanent spring; 
16 miles southeastor £ajt- 
landCity. 

Strong, permanent sprine: 

City. 
12 miles southwest of East- 


Cooke 










Ellison Springs — 
McGoncrli ...... 


EiMtland 










• ••«C10 •••■•■•■• 










"Wlioat SoriniiFB .... 












Nash Spring 

Sand Rongb Spring. 
Palo Pinto 


Bastland .^... 










land City. 
12 miles south of Rastland 


....do 










City. 
20 miles southwest of Eastr 


....do ... ..... 










land City. 
20 miles east of £astland 


Cotton Wood 


. ..do ......... 










City. 
2 miles east of Eastland 




Hardeman 










City. 




do ......... 












San Marcos 


H.ava . 










San Maroos. 


Jacob's Well 


do . . 










Large flow. Kyle. 


Hanna Sprincs 


Lampasas 

. ...do ......... 








240,000 
240.000 








Do. 


Ri8be Spring 

Salado oDrine 


Maverick . , 








] 5 miles east of Eairle Pas<c 


....do 










22 miles southeast of Bagle 


Rosita Spring 

Soncito Sorinff 


.. do 










Paas. 
7 miles southeast of Eagle 


....do ......... 










Pass. 
7 miles northwest of Eagla 




Menard i 










Pass. 


Coglan Spring, Dis- 
trict No. 3. 
ElniSDrincr . 












....do ......... 






• 
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Table W.-^Arteaian wells in Utah. 

m 

[Famished by the local authorities.] 



County. 



Beaver ... 
Box Elder. 
Cache 



OarfleM. 

Iron 

Juab.... 



Millard 
PiUte. 
Sevier . 



Salt Lake.... 



SaaPete. 



Sammlt. 
To<H)le., 
Utah... 



Vaaatoh.... 
Washhiffton 
Weber.:.... 



Pi eclnot 



Star 

Willard 

Lokah 

MUlville.... 
Mendou — 

Kewton 

Petersboro*. 



Wellsvllle.^. 



Parowan 

Whole county 

Nephl 

Mona 



CIrolevillo . . 
Annabfiia .. 
Qlenwouil... 
Venn il lion . 

Granger 

Hnntf r 

Mill Greek.. 
North Point 

Chester 

Ephraim.... 
Fayette 



Gunnison , 

Manti 

Mount Pleasant. 

Spring City 

Wales 



American Fork... 

Goshen 

Lake Shore 

Lehl 

Payson and Spring 

Laice. 
Pleasant Grove... 
ProTo 



Salem 

Spanish Fork. 
Spring ville ... 



Eden . 

Harrisville . . . 
Hooper ville.. 

Lymore 

North 0(!den . 
Plain City ... 
Slaterville ... 
West Weber. 



No. 



4 
11 
4 

3 
1 
IS 

3 

1 

2 

16 

3 

13 

40 

1 

4 

2 

1 

24 

50 

>80 

24 

39 

»100 

12 



18 
1 
3 
3 



«20l 

15 

11 

68 

300 

6 

15 
100 



5 

141 
50 



6 

9 

100 

3 

18 

»200 

9 

MOO 



Depth. 



Feet 

2<^5 

70-135 

60 

30^ 90 

60 

150 

200 

80 

100 

58-140 

85-190 

90-160 

85-100 

105 

100 

70 

64-70 

40 

60-300 

100 

60^350 

100-3UO 

80-130 

100-140 

50 



75 

60 

2a- 72 

75 



50-250 
100-200 
15- 16 
40-300 
75-260 
80-200 

110-120 
200 



230 

'150 

130-250 



200 

100-250 

140 

75-130 

100-200 

60-212 

lUO 



Siae of pipe. 



Ineht. 

U 

ili.U.. 
1*... 

U.ll 

i*:::;:::: 

H 



h 
11 

lt-2 
li-2. 
li-2.... 

II::-.::: 

H 

2 

U 

u 

1^-2.... 
14-6.... 

U 

Ii.li2. 



U- 



14. 
14. 
14- 



n 

M 

li 

U 

ii.li2 
U •■ 



li-3 
14-2. 



1^. 



U.... 
2 

li-2.. 
li-2.. 

14-1* 



It 



Flow. 



OaUont. 

12-70 
15 

25-30 
6 
6 
8 

16 

2 

8 

3-15 

15 

15 

1-20 

2 

6 

1-10 

2-3 

4 



2 

6-40 

20-30 

6 



35 

20 

25-35 

6 



1-80 

25-250 

5 

7 

25 

10 

40 
80 



6 

7 
6-400 



10 
20 



35 

3-50 

8-10 

25 

15 



Acres irrigated. 



Noneu 

Thirty-foup. 

None. 

None. 

Noue. 

None. 

None; water consumed by 

stock. 
None. 
None. 
None. 

None ; consumed by stock. 
None. 
None. 

The whole county. 
None. 
None. 
None. 
None. 
None. 

None. 
None. 
None. 
None. 
None; used for domestio 

purposes. 
Tried without success. 
One hundred. 
None. 
None. 
None. 

Not estimated. 

About one huudred* 

None. 

Ten. 

One hundred. 

Three. 

One hundred. 

One hundred; near lake 

shore, where not much 

water is needed. 
Non»'. 

Two hundred. 
Three hundred. 



Twenty.flve. 

Two hundred and forty. 

Six. 

Twenty. 

About dve hundred. 

About one hundred and 
fifty. 



Thin precinct is not found in the Postal Guide or on map, but Petersburgh, in Millard County, ia 
found in the atlas. 

•Over. "About. * Whole oonnty. 'Average. 

TOTAL NUMBER OF WELLS IN UTAH. 



5«»v« County 4 

Box Elder County 11 

Cache County 32 

Garfield County 1 

IronConnty 2 

JnabConntv 16 

Millard County 40 

PiUteCounty 1 



Salt Lake County 158 

San Pete County 176 

Sevier County 7 

Tooele County 261 

Utah County 7ul 

Weber County 444 



Total 1.794 



Total number of acres {rriLratcl. 1,993. " That is, about 1 acre to a well; each well costs (average) 
•30.60, or, say, $25 per acre at least." 
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MAPS, DIAGRAMS, AND ILLUSTRATIONS, 



Pogep 

Areas of inveatigations, maps I, II, III, following page 382 

Algerian artesian wells 26,28 

Battle Mountain (Nevada) artesian well 17 

Boring machinery for deep wells < 33 

Deland, Kern County, Cal., well at 31 

Diagrams, artesian wells, conditions, 44 

to illustrate the flow of 83 

Figures 2 and 3 45 

Colorado overlap in South Dakota 61 

Devil's Lake well, North Dakota, of . .- 108 

Texas, cross section of 280,281,304,309 

Generalized section, South Dakota 62 

Section of, Nebraska, Sioux County 74 

Geological map of Nebraska 75 

Huron, South Dakota, wells at 36 

Low pressure well in southern California 22 

Map of eastern Colorado 90 

New Mexico 92 

The Denver Artesian Basin 174 

Pige &, Morton Ranche, Tulare County, Cal., well and lake 19 

Profile views, DeviFs Lake, North Dakota, to Santee agency, Nebr 55 

Sectional views: 

Big Springs, Nebraska 76 

Cretacions beds, relation of 63 

DeviPs Lake to Mitchel 56 

Denver Basin, across the , 88 

Lagoon, cross section of 77 

Missouri, in, Sioux City to Williston .' 61 

Moss Springs, Nebraska 76,316 

Springs rising in the bed of a stream 82 

to sheet water, ri'lations of 81 

Typical form of a sand hill 78 

Well boring near Florence, Colo 14 

Winduiill, sketch of 288 

Woonsocket, South Dakota, artesian well at 9,33 

383 



IISTDEX. 



A. 

Adobe Creek 217 

iEeolian sand hills.. 1 89 

Algiers, effects of irrigation in 26,*/i7 

reason for underground supplies in 26 

Antelope, at 161 

Arabia, subterranean water in 23 

Arickaree River 43 

Arizona, sunken riverain 17 

Arkansas district No. 6, middle division 149 

River .13,40,42,91,95,147,148,162,173 

Artesian Basin, Arkansas River, the 91 

Black Hills region in 67 

CaHfornia,in 18 

Colorado, in 14,90 

Dakqtas, in the 9 

James River Valley, in 142 

New Mexico, in 90 

North Platte, in 91 

ghysical conditions necessary for 12 

an Bernardino County 20 

Waco, Tex., at 34 

Wyoming, 1^1 12,68 

flows, utilization of 97 

waters, definition of 8 

positive 8 

negative 8 

Belgium, in 28 

Central Asia, in 24 

France, in 28 

Great Britain, in 28 

Ital^, in 28 

Spain, in 28 

negative, pumping of 96 

source of 42,44,67 

wells, advantages of 96 

conditions necessary for 12, G5 

California, partial table of (note) 19 

cost of 35,297 

flow of, how measured 33 

French Algiers (Sahara), in 96-29 

groups geographically described 37 

investigation, general reference to 5 

staff of 5 

locality of (not«) 7 

object of 29 

area of 32 

problems of 32 

information obtained by 3t) 

information sought 37 

circulars of 49-52 

New Mexico, in 233 

periodicity of 21 

pressure of, how determined 33 

profit of investments in « 246,250 

* • 385 



386 INDEX. 

Artesian wells, public control of 21 

use of, general 35 

Australia, investigations and expenditures in 25 

B. 

Bailey, G. E., report of n-Co 

Barns, J^ W., quoted 24 

Beach, Horace, report of 141-143 

Beaver or North Canadian River 148,161 

Belle Fourche River 67 

Big Blue River, Nebraska ^ 

Big Horn River ^ 12, 6U 

Big Spring, description of 7 308,316 

wells outside the town of 306 

Big Sioux River 57,111 

Big Thompson River 174 

Black Hills ia,66 

Blue Holes 30"! 

Brainard,H. A., quoted (note) '. 18 

Brazos River 102,248 

C. 
Califomia: 

Artesian, basins in 18 

drainage 20 

Springs in 20 

Wells 17,18 

Canadian River 147 

Canals 18,35,209,219 

Carpenter, L. G.j report of 2^241 

Carrizo Mountains 247 

Central basin region, Texas 100 

field division, extent of O 

section of the Great Plains 13 

Cheyenne River 59,67,69,106 

Cimarron District No. 7, middle division 150 

River 43,147,148,154 

Coteaiix des Prairies 141 

CofiBn, F. F. B., report of 125-140 

suggestions and conclusions 135-14U 

Colorado : 

Analyses of waters of 226-230 

Artesian basins in 14 

Artesian wells in 174 

Chemical tests of artesian waters of ft2i-'SMi 

Artesian water, depth of, in !...91,95, 174,212 

Canals in 3."» 

Ditches in 181,212 

Division into subdistricts 174 

Divide, the, subdistrict 21«) 

Colorado River 102,248 

Geology, of 87-89 

Value of irrigated land in 171 

Water supply of 173 

Crops, bemfit of irrigation to 16, 25, 86, 171, 219, 245, 307, ;»^ 

Culver, G. E., report of 65-6J> 

mentioned 11 

D. 

Dakotas, artesian basin of 9,11,67 

climatic features of the 9 

demand for Government aid in experimental operations in the 10 

geology of 12,55-60 

need of exploitation and development of water supplies in the 10 

Darling River 26 

Davis Mountains 247,316 



INDEX. 387 

Page. 

Decrease of flow, causes of 94, 178 

Denver Basin 14,93,94,95,175, 176, 178, lBl,20ri 

wells, irrigation from 181 

beds 89 

wells, cause of failures in •. 38, 178 

notes referred to in the tables 186, 1H7, 188-196» 197, 208 

Depth of finding water 91,95,212,216,220,243,250 

Diabolo Mountains 247 

Divide, the Colorado, extent of 216 

Double Lake 308 

Drainage 9,20 

Dumble, E. T., report of 99-102 

Dwelle, Mr, quoted 180 

E. 

Eagle Lake ^ 308 

Elkhom River 84,147 

Fel ton. Judge, quoted 214 

Florence basin 174 

wells, flowing 212 

individual , 214, 215 

oil 212 

Flow, variation of 115,179 

Form of contract for boring well 232 

Fossils 57,58,59 

Fontaine qui bouille 91 

Fountain Kiver -....^ 40 

Franklin Mountains 248-294 

Frenchman River 72 

Frio River, Texas : 247 

G. 

Geological water-bearing strata mentioned in the report: 

Carboniferous 65,79,87,100, lOl 

Cretaceous 80,85.87,88,92,99,100 

Dakota formation 9, 11, 12, 33, 36, 39, 44, 46, 57, 65, 67, 70, 80. 88, 90, 92 

Glacial drift 34,44,84 

Tertiary 12, 42, 43, 44, 45, 46, 65, 67, 69, 70, 80, 85, 86, 87, 89, 90, 91. 92, 95, 99, 102 

Triassic group 43,44,45,66,87,91,92 

Trinity sands as a water bearer . . . .« 99, 100 

Laramie 12,30,40,44,60.65,67,69,70,88,91,94 

Permian 100,101 

Permo carboniferous 13,45 

Pleistocene 86 

Quaternary A 87,89,95,102 

Geological structure of North Dakota 59, 60 

Nebraska 73,79-82,84,85,86 

South Dakota 141 

Glacial drift, water in the 40 

Grand Prairie Plateau 100 

Greeley Basin 14,208-211 

Gregory, J. W., report of 145-164 

Guadalupe Mountsins 247 

River, Texas 247-275 

Gypsum beds. New Mexico 2:J7, 249 

H. 

Hoy,Robert, report of 37-47 

Hicks, Lewis E., report of 71-86 

Hilgard, E. W., quoted 22 

Hinton, Richard J., mentioned 47 

report of 5-30 

Hondo River, Texas 247 



388 INDEX. 

Face 

Horse Creek 217 

Huerfano Basin, geology of i& 

River 87 

Hasco Mountains S48,2d4 

_ I. 

Irrigation : 

Cost of 23,35 

Need of 16, 36, 60, 86, 135, 147, 219, :i51, 293, 309.312 

Results of 14,16,17,24,25,28,35,112,118,127,132,147 

Useof 127,171,173,181,211,221,222,245,294,312,319. 

J. 

James River 11,33-39.58.59,60,105,113,141-143 

valley 11 

basin 33,142 

wells , ^ 

Jornada del Muerto 235 

Jerney, Oustave, quoted 300 

Jim River 13:) 

Jordan River 17 

K. 

Kansas : 

Brine well, Barton County 147 

Cloud County 147 

Cimarrou district (No. 7,^middle division) ir»0 

Flow at Richfield, probable cause of : 43 

Land, comparative value witli and without irrigation 171 

Mineral well, Decatur : 14^ 

Lamed 43, Ri 

Springs in 1 145,149,150,161 

Water suppU of 43, 147, 149, 1 (W 

WeUs, flowing 43,147,148.150 

Coolidge 2H) 

Meade County 150, IM 

nonflowing 149, 151, IM 

Kern, canal system of 1"^ 

Kern River 18,21 

King River ^^ 

L. 

Lacy Draw 306 

Lagoon 'J 

Lake bods in South Dakota 11*. 

Lakes of Hall County, Texas " '^JJj 

Lakes, small, in South Dakota 1^ 

Lake Tahok a, Texas '^ 

Land values in South Dakota - 11? 

value increased by irrigation in Texas •^j 

Law governing the use of the subterranean waters, need of 22» 

Leon River, Texas 247,272 

Letter of instructions to field agents ^ i 

Lleano RiA'er, Texas |^^' 

Logan, Major, quoted f^! 

Loup River 84,14/,1»} 

Lower Arkansas subdistrict *{'' 

Platte Valley, extent of '^H 

M. 

McLoiitb, Prof. Louis, quoted 'h 

Meek, F. B., quoted (note) '"! 

Middle Berando Kiver, New Mexico 



INDEX. 389 

Middle DivisioQ : Paiseu 

District No. 1. Snbhumid 146,147 

District No. 2. Niobrara 148 

District No. 3. Platte 148 

District No. 4. Republican 149 

District No. 5. Smoky Hill 149 

District No. 6. Arkansas 150 

District No. 7. Cimarron 150 

District No. 8. North Canadian 150 

Laree springs of 145 

Sabdistricts of 146 

Subterrean waters 132,145 

Mineral spriog, Clark weU, Colorado 213 

springs of Coyote Cafion 234 

waters 239,250,300 

wells, use of 39 

Missouri Eiver 9,11,12,29,31,55,57,58,60,65-67,110,116,133 

Montana wells 9 

Monument Creek beds 89 

Mora River 92 

Morgan's Creek - 309,311 

Moving current *. 237 

N. 

Names of informants relating to wells, springs, etc. : 

Abel, George 300 

Aldrich, C.A 220 

Aldricb, C. S 225 

Alexander, E. H 314 

Ballinger, Capt. John 170 

Benedict, G. S 317 

Bigger, Ralph 307 

Bloomfield, General Ira J 225 

Blum, Anthony 315 

Breedlovo, W. C 307,315 

Brown, T.W 314 

Bucher, C 221 

Caoklin, C. F 316 

Calhoun & Kniveton 313 

Campbell, Captain 205 

Campbell, John, Civil Engineer of Las Vegas 238 

Canott, A 305 

Camott,A 307 

Carson, J. M : 309 

Carson, J. M 317 

Carter, J. V 170 

Cates,R. W 313 

Cator.J. F - 307 

Chamberlain. T. A : 314 

Colt, M. B 220,224 

Conch,8. P., of Littleton 184 

Coston,G. M 314 

Craig, James 171 

Cray ton, J. R 300 

Curry,!. A,.... * 317 

Davies.D. W 317 

DeMeir, John,of Las Cruces 235 

Doan,C. F ^ 313 

Drake, J. T 214 

Dumont, O 315 

Dwelle, C. W., of Denver 184 

Eardley, A 312 

Earnest, C. H 314 

Fant, W. H 171 

Files, J. O 314 

Ford, G 307 

Fowlkes, A. R 314 

Frick, A. P., surgeon at Fort Selden 2'J6 



• 



390 INDEX. 

Names of informants relating to wells, springs, etc. — Continued. 

FnlleT,E IW 

Garrett, P. F., ofRoswell 2<9 

George, A. H.J Ill* 

Giesecke, A 31*2 

Goddard, A 3i4 

Golder, Rev. C 3(»6 

Goodwin, H. A 3(W 

Grace, John 119 

Graves, W. H 220,<{44 

Graves, H 307 

Gray, E. C 309 

Gray, E. C 317 

Green, E. K 218 

Green, £. J. L 313 

Groos,Otto : 313 

Grossman, Max IK 

Harrison, G.C 309 

Hatchell,J. C Si- 
Hayes, W. R 312 

HilI,T. R _ 313 

Hnselby,Mark 317 

Hntchin8,C. B 119 

Ivie,Mr8.R.D 312 

Joblin,W.J 216 

Jones, T.D 314 

Jones, W.K 317 

Joy, Ann E '. 314 

Keith,E.B 119 

Kapp,E.P 2-0 

Kitchens, F. M 313 

Lahy, J. A 314 

Lincoln, G. T 314 

Llewellyn, Major, of Lae Graces 237 

Logan, Major, Fort Hancock, Tex 24!? 

Long, L. M., ofRoswell 239 

Longstreth, C. H l*^ 

Luse, J. E S14 

Mayers, J., of Littleton 221 

MavDCH, Peter, of Littleton 1^* 

McClain, John lij 

Mclutire, A. W., of La Jara *^'^ 

Meade, C. V., of Victoria 237 

Meredith, Mr.,ofRye, Colo 215 

Merriman, C. H 314 

Merritt, A. R iiJ 

Milam, Dr. Scott ^ 

Morris, C.W 30. 

Morrison, D. N ^' 

Mo8elev,M. J 313 

Myers, J. B., of Littleton }^^ 

Newcomb, D. E.,of La Jara, quoted —': 

Oron, Anthony Jli 

Ormond, Thomas, of La Jara ff* 

Overkin, O. C. O l\i 

ParkB,J. H ft 

Parks, James H ^}' 

Pettier, Otto i;: 

Polk, Louis f.i 

PoUey.J.B ^}: 

Ray,».F f' 

Reeves, E.G ;,ii 

Riley, J. H ^Vj 

Robinson, W.G Sf.J 

Ross, William S .,vj 

Schwoinitz, Mr.de Jlj^ 

Seppert, A. A ^y^^ 

Sheet-er, J. S riii 

Smith, C.E r ^ 



INDEX. 39 1 

Fago. 
Names of informantd relating to wells, springs, etc. — Continned. 

Smith, H.C 304 

Smith, H.C 315 

Stime,Alex 307,315 

Strang,-E. D....^ 315 

Sweet, H. A 312 

Switzer, A. P., of Denver 182 

Templeton, B. P 312 

Thomas, A 119 

Thomas, D. C 313 

Todd. W.J 317 

VanDiest, P. H., C. E 87 

Van Sickle, H 318 

Wadsworth, B. F.,of Arvada 184 

Wadsworth, Mr., quoted 180 

Wanger, J 309 

Warren, H. L. J 222 

Wesley, John 313 

Williams, J 217 

Withers, Thomas, of Denver 182 

Worrell, Squire 170 

Ntfhraska * * 

Flowing wells in 72,86,147 

Geologic structure of 73,79,82,84,85,86 

Irrigation, need of 85 

Niobrara, District No. 2, Middle Division 148 

Niobrara River 85 

Rainfall of 13,71,85,86 

Rivers in 13,72 

underflow of 85 

Sand hills, region of 78,79 

Springs in 84,ir.2 

Subterranean waters of 13,40,85,86 

Tablelands 76,77,78 

Topography of , 73 

Underflow in, indications of. 73,148,149 

Water-bearing strata of 79,84,86 

Nettleton,E. S., mentioned 47 

Report of 31-36 

Nevada : 

Board of Reclamation Commissioners, opinion of. 17 

Wells in 17 

Springs in 17 

New Mexico : 

Artesian wells in 233,234 

Artesian basin, chances for locating in 92,239 

Boring at Santa F^ 23,41 

Characteristics 233 

Coyote Canon in 234 

Jornada del Muerto, plain of 235 

Non-surface wells of 238 

Springs in 233/234,235,237,238,239,240 

Surface of 89 

Underground water in 173, 239, 247, 2J8 

North Canadian River 147 

North Concho River, Texas 248,275,307 

North Dakota: 

DeviPs Lake, log of new well at 106 

Geologic structure of 59, 60 

Irrigation in 103, 109 

Shallow wells of 109 

Wells of 105,108,109 

North Fork Republican River 89 

North Loup River 84 

North Platte River 13,72,148 

North Platte River Valley 13 

North spring River, New Mexico > 240 



392 INDEX. 

o. 

Odessa Draw, Texas SOo 

Odessa Improvement and Irrigating Company's weU, acoonnt of 'J05 

Oil Creek, Colorado 212 

Oil wells at Florence, Colo 68,70,212 

OJo de los Alamos 2:$7 

OJos Calientes, description of 230,318 

Organ range 248 

Owen, J., Prof.,qnoted 300 

P. 

Pait, J. L., Prof., quoted 300 

Park River 59 

Panhandle, Texas 248 

Pecos River 1.^240 

PecosValley, water facilities of 233,241,247 

Percolation, rate of 46 

Petrolenm 300 

Phantom Lake 316 

Platte district No. 3, middle division 143 

Platte River 12,40,41,43,68,69,85,91,147,173,174,175,211 

Platte Valley 91,174 

Plain of Jornada del Muerto 235 

Ponds in Colorado 89 

Pools, middle division 162 

Powder River l'2,(& 

Prairie Dog River '. 4-^ 

Pressure 33,115,116,127,132 

Public lands nnsnrveyed, extent of 16 

Pueblo Basin, Colorado 14,91,174 

Q. 
Quitman range 248 

R. 

Rainfall— 

in Colorado % 

in El Paso 293 

in Nebraska 13,71,*) 

in New Mexico • 215 

at Pecos City 293 

in South Dakota 66 

in Texas 245,284 

Utilization of 14 

Ranger Lake 308 

Red River 9, 33, 37, 57, 59, 102, 1(H 

Republican district No.4,middle division Uf^, 149 

Republican River 43, &5. 147. H'^ 

Reservoirs 10, 1 43, 249, 305. :W 

Rice pumping station, Nebraska H) 

Rich Lake 30"^ 

Rio Felix, New Mexico 240 

Rio Grande canals 219 

Rio Grande Valley 95,174,219,233,234,235,237,240,247.252,277 

Rio Hondo 92,96,240 

Rock salt beds 2iS,'W 

Roclcy Mountains, drainage of 9 

Roesler, F. E., mentioned ". l'> 

report of 243-2.')! 

Rio Pecos, New Mexico 240 

Rio Penasco, New Mexico 240 

Rivers in Arizona, sunken Ij 

Rusk, J. M., letter of instructions to field agents / 

letter to the President of the Senate ^ 
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Sacramento River 16, 18 

Salado River, Texas 247 

Saline River 43 

San Antouio River, Texas r 247 

SaDdia Monntains, streams of 234 

San Joaquin River 18 

San Marcos River, Texas 247 

San Saba River 247 

San Simon River 17 

San Simon Valley, descriptibn of 17 

Santa Ana River.. .^ 20,22 

Santa Cruz River 17 

Santa F6 Valley subterranean water supply 234 

San Saba River, Texas 247 

San Luis Valley basin 14,15,174,218,219.220,222,223,230 

Secretary J. M. Rusk, letter of 3,7 

Semiarid region, middle division...*. 172 

district No. 2, Texas 253,276 

Texas, wells of 244 

Sheet water in the Tertiary 80"82 

Sierras 18 

Silver Lake 308 

Smoky Hill district. No. 5, middle division 149 

South Berando River, New Mexico 240 

South Dakota : 

Altitudes, subdistrict No. 1 Ill 

subdistrict No. 2 113 

Artesian waters, analysis, of South Dakota 143, 144 

Artesian water not flowiug 118 

Artesian wells, experiments in Ill, 127 

facts for aud against Ill 

Wells, source of, in 9,67,115, 116,133,142 

Fish ponds, Aurora County 118 

Brul^ County 

Land value in 112 

Missouri basin 113 

Natural, reservoirs 111,114, 117 

Spring in Miner County 115 

Springs at Wessington 119 

Water beds, dry - - 117 

Yankton, wells, account of 115 

Yankton, springs at, account of 

South Platte River 13,72.89 

South Spring River 240 

Spring, Cabra, N. Mex 234 

Cherokee, Texas ». 101 

Eagle, Tex 318 

Great Spirit, Kansas 161 

Moss, Texas, description of 316 

Nine Mile, New Mexico 240 

North Berando, New Mexico 240 

atRoswell, N. Mex 23:i 

Seven Mile, New Mexico 240 

at Sioux Falls 57 

Springs — 

in Los Angeles County, Cal 20 

Baca County, Colo 161,162 

Bitter Creek and springs. New Mexico 240 

in eastern Colorado 95 

neac Fremont Butte 91 

Hnbbell , 234 

in Kansas , 145,149,150,161 

Lampasas 15,101 

in Nebraska .13,84,148,161,162 

in Nevada 17 

in New Mexico 15,90,230,233,234,235,238 

in North Canadian, district No. 8 150 

Rio Grande Valley 234,235 

Santa Ana Valley 20 
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Springs — Continned. P««e- 

Sau Luis Valley 96,2.:0 

Texas , 100,3bi,3l9 

WessiDgton, 8. Dak 11 j 

Yankton, S. Dak 119 

Staif of investigation : 

Bailey, O. £., assistant geologist for South Dakota and Wyoming 5 

Beach, Horace, special expert 6 

Carpenter, L. O., assistant engineer and field agent for Colorado and 

New Mexico 6 

Coffin, F. F. B., State engineer South Dakota t i> 

Culver, G. E., field geologist for the Dakotas 6 

Dnmble, E. T., State geologist for Texas 6 

Gregory, J. W., field agent for central division ^ 

Hay, Robert S., general field geologist 5 

Hicks, L. E . , field geologist for western Nebraska •. 6 

Hinton, Richard J., special agent in charge 6 

Nettleton, E. S., supervising engineer, U. S. Irrigation Survey 5 

Roesler, F. E., field agent for Texas 6 

Updyke, S. G., field agent for South Dakota 6 

Underbill, T. S., field agent for North Dakota 6 

Van Diest, P. H., field geologist for Colorado 6 

Staked Plains 16,102,244,247 

von Steeniwitz, Professor, quoted 300 

Steernwitz, Professor, opinion of 247 

Strachey, Sir James, quoted "23 

Strata of various wells 117 (129-131), (155-160), 176. 177 ( 197-210), (21:5-217), 

223, 224, 254, 262 (263-273), (282-284), 296 

Los Angeles County 30 

in eastern Colorado €1 

in Kansas , 4.') 

of Nebraska W 

in New Mexico -7 

of South Dakota T. ^ 

Wyoming 1*2 

Subfiow, cause of 46 

Subkumid region, district No. 1, middle division 147 

Texas 2o;J 

Subterranean flow without hydrostatic pressure 95,97 

stream at Platteville 95 

waters in Nebraska, description of 13 

water in New Mexico 95 

waters, reason of 25 

water in Texas 18 

T. 

Tables of— 

Algiers, in, annual une, etc., of water 27 

cost of wells, etc 28 

Areas, covered by investigation 7 

Colorado, in — 

Alamosa at 14.2*21 

Analysis of waters of, in Denver Basin 227 

Arlington Heights 21 

Artesian wells in Denver Basin of 1(?**-196 

Barclav well, measurements of 179,180 

Capitol grounds, on 254 

Construction Denver wells, data of 186,1*7 

Cost or flowing wells, in IW 

Evans, at 91 

Government reservation, of wells near 205 

Precipitation at Denver, of 20:* 

Springs report, abstract of 231 

Snbdistricts of : 2a*> 

Windsor, in the, Denver 18(^*211 

Arnold, W. G., Nebraska ^ 
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Page. 
Tables of— Continuod. 

Middle division of (parts of Kansas, Nebraska, Colorado, and Indian 
Territory) — 

Comparative land valaes nnder irrigation, etc., wells in 166-169 

Cimaron district 151 

Cost of wells 162-164 

Crooked Creek, wells in 41 

Flowing wells in middle division 149-160 

Larned, Kans., mineral at 43, 150 

Non-flow iDg well in middle division 155 

Nebraska, of— land values 163, 164 

New Mexico, of— siimmaries of springs 23d 

North Dakota, of— flowing wells in subdistrict No. 1 105 

No.2 108 

Snallo w flowing wells in subdistrict No. 3 108, 109 

Total of wells 109 

South Dakota, of — 

Abandoned well bores, altitude of Ill 

Aberdeen, at 126,128 

Altitudes in district No. 2 113 

Comparison of altitudes, district No. 2 113 

Flowing wells, subdistrict No. I 105 

No.2 108 

No. 3 ., 114 

No.4 115 

East of Missouri River 120 

In Yankton and Bon Homme 121 

Frankfort, at 127 

Lakes in 142 

Shallow well, in 141 

Specimen bores, subdistrict No. 1 112 

Typical wells in subdistrict No. 1 126 

New Mexico, Las Vegas, at 92 

Santa F^, near 234 

Altitudes of well districts 293 

Artesian wells in District No. 2 254-2rvS,277 

Negative district 2 277-281 

PecosCity 293 

Toyah, at : 294 

Under construction in 258 

Deep wells in district No. 3 * 295 

Failures in c 259 

Gordon, at 101 

Irrigating capacity of wells 245 

Negative artesian wells in 260, 261 

Railroad water supply iu 274,275 

Springs, Uvalde Countv 315 

Toyah, at 101 

Waco, deep well in 291 

Tabulations. List of— 

Table No. I. Location, elevation, depth, cost, pressure, variation in 

flow 321-345 

Colorado, eastern 329-338 

Kansas, western 325-328 

Nebraska, western 324,325 

New Mexico, eastern /. 339 

NorthDakota 322 

South Dakota - 322-324 

Texas, western .339-:i45 

Wyoming, eastern 339 

II. Location, use, areas irrigated, effects and need of, land 

rentals and water rentals 346-%l 

Colorado, eastern 351-359 

Kansas, western 349-351 

Nebraska, western 348, 349 

New Mexico, eastern 359 

NorthDakota 346 
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Tabulations, List of—Continued. 

South Dakota 346-343 

- Texas 360,;i61 

Wyoming .'. 359 

III. Natural springs 362-37-2 

Colorado, eastern 370-371 

Indiao Territory, public land strip 370 

Kansas, western 364-369 

Nebraska, western 363,3t)4 

New Mexico, eastern 371 

North Dakota 362 

Texas 372 

IV. Utah, artesian wells in 373 

V. Underflow and wells used for town purposes, in region of 

investigation :J^4-377 

Colorado, eastern 375 

Kansas, western 377 

Montana, east of foot hills 376 

Nebraska, western 375 

New Mexico, eastern 376 

North Dakota 374 

South Dakota 374 

Texas, western 376 

VI. Town supplies west of Rockies 378-3?'*i 

Arizona 37c 

California 378-380 

Colorado, western 380 

Idaho 3^1 

Montana, western 3*^1 

Nevada 3i?0 

New Mexico, western 380 

Oregon, eastern 381 

Utah 3^1 

Washington, eastern 3rl 

Wyoming, western 382 

Texas i 

TahokaLake 308 

Act passed in 1827 relating to boring for water in 233 

Arid region 244, 25.3, 292, 31?< 

Altitudes of 253,277,293 

- Artesian waters, opinions concerning 102, 247, 248, 299, 304 

and other water supplies, District No. II, account of 28i-292 

Water supply of cities and towns in 275 

the subhumid region 284-292 

Oeologyof 99,102 

Rainfall in 24o 

Reservoirs in, locations for 249 

Irrigation, result of 16 

Seasons, growing length of 244 

Seniiarid region 244,253,276,306 

Springs in 312, SIC 

Subhumid region '. .' 252,284 . 

Subterranean waters in 15 

depth of 243,248,250 

Topography of 99 

Wells, chemical analyses of 271-273 

on thecapitol grounds, report on 254 

flowing 15, 243, 244, 26<l 

negative 260, 277-*>81 

railroad 274,275 

stratification of 262-271,282-284,296,297 

Trans-Pecos Mountain, district in Ut* 

Tulare, California canal system of 1^ 

U. 

Underground flow in the Pecos Valley 247 

Undersheet water in central section of the Great Plains 13 
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Page. 

Upper Arkansas basin 14 

Pecos 92 

Repabliean 72 

Utah wells, use of - 17 

V. 

Van Horn River 101 

Vermillion River 113 

W. 

Ward, L. F., mentioned (note) » 60 

Water sapply of— 

Colorado 90,91,173,211,217 

James River Valley, the .-1 33 

Nebraska 13,71,79,86 

New Mexico 173,233 

San Lnis Valley, the 221 

Santa F6 Valley, the 234 

Waco basin, the ". 34 

Wyoming 12,68 

Weeks, G. F., quoted 17 

Wells- 
California, of - 17,18,19 

CaQou City, at 14 

Central region, of Great Plains, in 13 

Chino Ranch, California, at 21 

Colorado City, at... 249 

Colorado, in individual 14,179,213-217,222,226 

Crooked Creek Valley, in 41 

Dakota basin, in number of 9 

Denver Basin, of the 176-180 

Fort Collins, at - 91 

Fort Worth, Tex., at 41 

Gray County, Kans., in 153 

Greeley, Colo., at 91,209-211 

Hanson County, S. Dak., of 113 

Hitchcock, Beadle County, Nebr., at 127 

Holt County, in 84 

James River Valley, of the 33.38 

Kern County, CaL.of 19,20 

liOS Angelos, of * 20 

Lower Platte Valley, Col., of 211,212 

Nebraska, of 17,79, 80,86,147,148 

New Mexico (note), of 1,4,233,238 

Middle Division, Kansas, in 145 

non-flowing, in 152-155 

Miles City, Montana, at 44 

North Dakota, non-nowing, in 105,108,109 

Pecos City, at 244 

Pueblo, at 212 

Rio Grande Valley, of the 235 

Rio Hondo, near the 234 

Roaring 149 

San Bernardino basin, in 20,22 

San Luis Valley, of 34,222,223 

San Pedro, near 234 

Semi-arid region, Texas, of 304,312 

Shallow 109,147 

Sierra County, Cal.,of 18 

South Dakota, basin east of James River, of 11 

South Dakota, defective 128 

South Dakota, in, individual 116,117,118 

Surface 132 

Texas, number of, in 15 

Utah, number of, in 16 
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Wells— Continned. 

Waco, Tex., at 15,34,41,243,246,291 

WyomiDg, of 12 

Yankton, S. Dak., at 115-117 

YanktoD aud Bod Homme, comparison of 115 

Yellowstone Valley, in 9 

Wyoming — 

Artesian basins in 12,69 

Investigation needed in t»9 

Oil wells in 68,70 

Statigraphy of 12, <>« 

Water-supply, source of 12 

Water-supply, quality of 66 

Y. 

Yankton, S. Dak. — 

Chalk bluffs in 1 11* 

Flow, decrease of, at llo 

Flow, great, at 115 

Yellow House Lake 'Mf* 

Yellowstone Valley, Montana 9 

o 
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